-t

AWAQ78794

COPY,

—

DO e

_NSWC/WOL TR 78-187

AMETHOD OF COMPUTING SHIP CONTRAST TEMPERATURES
INCLUDING RESULTS BASED ON WEATHER SHIP J
ENVIRONMENT DATA

BY DONALD M. WILSON

RESEARCH AND TECHNOLOGY DEPARTMENT

29 JANUARY 1979

Approved 1or pubiic relesse, distribution unlimited

NAVAL SURFACE WEAPONS CENTER
Dshigren, Virginia 22448 © Sitver Spring, Marylend 20010

fRO- 4 . Ve ke



UNCLASSIFIED

/-ﬁuanY CL!S\'ICA“ON OF TrHis PAGY (Whon Data Entered)
! e READ INSTRUCTIONS

v 2. GOVY ACCESSION ROJ 3. RECIPIENT'S CATALOG NUMBER
LerTR=78-187]
4, TLTLE Conat Suhilsias *-1 $. TYPE OF RIZPORT & PLRIOD COVERED
‘A THOD GF COMPUTING %ﬂ ONTRAST TEMPERATURES
g UDING $£5'er5 BASED ON HEATHER gHIP
‘ “ L VENVIRONHEN DATA i =~ A 8. PERFORKING ORG, REPORT NUMBER
. CONTRATY OR GRARY NUMBEACe)

1. AUTHOR(e}

S esuntais

: ’lﬁijonald M./Hilsod::x

: 9 PERPOAMING ORGANIZATION NAME AND ADODRESS 0 :nsg‘Asot'.s."l::&?“’ul:‘oh!c? TASK

3 NAVAL SURFACE WEAPONS CENTER, Code R4?Z .

White Oak, Silver Spring, MD 20910 I L ) 99 ]_
* 11 CONTROLLING OF FICE HAME AND ADDRESS G 0

\\.1 . NUMBER OF PAGES
‘ 98

1S SECURITY CLASSE. (of thls report)

18 WONITORING AGENCY NAME & ADDRESS/I( different from Controlling Offtce)

If - NAVAL SURFACE WEAPONS CENTER, Code NS4 UNCLASSIFIED

- Dahlgren, VA 22448 Ve DECT KISIFICATION/GOWNORADING
’ SCHEDULE

4

.( ) 18 OISTYRIBUTION STATEUENT 7of thie Report)

f : Approved for Public Release; distribution unlimited

‘ 17 OISTRIGUTION STATEMENT {of the abetract sntered in Block 20, Il diflerent trom Repsrt)

|

9

bt

18 SUPPLEMENTARY NOTES

SRR e e at
COTAMR Y

v - -,
AL T e, o

s
e
-
o 3 .
f ; 19 KLY WORDS (Contins on reveres olde Il necassary and tdentity by Block number) ;
i 4 Ship Signatures :
o L Ship Temperatures 3
? & Background Temperature 4
i 2 Signature Models :
E &t Weather Effects §
; }},& . "0 ABSTRACY (Cantinue e roverse side If nocossary and identify by bleck rimber) ;ﬁ
L g%ﬁ This report describes a new method of calculating ship contrast temperatures g
4 'gﬁ and presents calculations using this method with weather sihip data. The new ﬁ
fé L method, named the Single Element Method, treats the ship as a single vertical §
g o ! element and applies 3 correction factors in defining an average ship tempera- 3
7 ‘ ture. These account for the different internal temperature and construction k-
: oY v:rious sections of the ship and also for the presence of hot exhaust " ;
stacks, -~ ¥
_{continued. . over) )
roNu ' r ' ;
DD 1 Jiw) M73  zormowor tnav esis omsovere UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dets Bntered)

F7/ 5 /¢




5
<

e 3 i Ay - -~ =
RIS M et A v o

+ W P or P 2 A% g S o B
~ R T BT PR TR R N 2 0 09 SREY ) SRS PSRl Y,
: T SRR

4 et S b TR

~—UNCLASSIFIED

SELLRITY LLASIF CATION ST Teay PASGE When liate Prntereg

A computer program based on the Single Element Method is described and
ship contrast temperature calculations are given. This program models a
specific ship, the U.S. Navy Patrol Frigate. However, the choice of ship
model is shown to be not critical provided that stack cooling is assumed.
The program was run with weather data gathered by Weather Ship J over an

8 year period {1964-71). Results are given as the probability of observing ,

a given contrast temperature or lower values over a 4 month season. The :
effect of target ship heading and season on contrast temperatures is :
analyzed and discussed. A general recommendatfon of expected contrast g
temperatures is made for the weather data of this study. ’ 3

%,

A

- e S -
ST AR E T e art o PRy »

e e

5 N
T R Y B A AT I S e R

i

fadssda o

UNCLASSIFIED

SECURITY CLASSIFICATION OF“THIS PAGEWhew Dois Entored)

viscuics

A P AT A A PR s e it

Do
ks 2%
”

o P A

f




NSWC/WOL TR 78-187

SUMMARY

This report represents work done to support electro-optical programs at the
Dahlgren Laboratory of the Naval Surface Weapons Center. It presents analytical
methods which were developed to predict ship signatures which include weather

programs to predict the performance of present optical systems used for infrared
detection and tracking (8-12 m waveband). This report also presents contrast

expansion of the analytical models to include other ship targets and background
conditions, This work was sponsored by Code N54 of the Naval Surface Weapons

Center.
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effects. These are given as ship contrast temperatures that are used in computer

temperature predictions for weather data taken by ship J during the years 1964-71,
Future efforts will center on signature predictions for other locations and on the
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1. INTRODUCTION

The Navy has long been interested in the possibility of using infrared sensors
to detect and track ships at sea. Furthermore, the threat of ant{-ship missiles
launched from ships at sea has heightened the Navy interest in passive surveillance
methods. The continuing development of detectors, optical materials, and scanning
devices has resulted in electro-optical systems for gunnery improvement and passive
detection of turgets. These early systems established the feasibility of infrared
detection and lead to interest in a future program to develop a modular Electro-
optical Fire Control Subsystem for present and future naval guns. This would seek
to provide passive detection and tracking along with laser i1lumination for range-
finding for targets primarily encountered by ships at sea. The sensor suite for
this system includes both a television sensor and a thermal imaging (FLIR) sensor
which will operate in the 8-12 micrometer region.

The infrared signatures of surface ships depend upon their construction,
operation, and existing weather conditions, The location of power plants, exhaust
stacks and areas of different construction causes spacial varfations of signature
(emitted radiation) over the target. However, to simplify ongoing performance
studies, it was decided to approximate the target signature by an average signature
which is constant over the target area. This average signature is given as the
ship contrast temperature which is the effective temperature diffe-ence between the
ship and its infrared background. The ship contrast temperatures must include
weather effects for system performance studies. In these, the statisticai varia-
tion of ship contrast temperature with weather conditions provided by weather ship
data is first found. These contrast temperatures are then used in the system per-
formance study to determine the percentage of time that the ship target will be
detected.

The importance of infrared ship signatures has led to the recent development of
computer codes,‘ for their calculation. These codes divide a ship into a large
number of sections and numerically compute the temperature of each section. The
ship temperatures are used to calcuiate ship radiances. A separate calculation re-
quiring atmospheric temperatures {s made to determine the corresponding background
radiance. Ffrom these, contrast radiance or signature is defined as the sum of the
radiance contribution from each ship section minus the background radiance. This

‘Batley, P. E., "Ship Infrared Signatures {SIRS) Computer Model-Technical Overview
and User's Manual," NAVSHIPRANDCEN Rept. SME-78-37 (1978)
’Fleet Signature Computer Model Program Manual," Westinghouse Defense and Space

Novembor 1068,

Center, Baltimore, Maryiand, Reépi. 8738A, Mo
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approach results in large, rather slow running computer programs and it would be
costly to produce signatures for more than a few days of at-sea weather conditions.
The objective of the present work is to compute ship signatures for a large number
of weather observations so that the statistical variation of signature including
weather effects can be given.

A fast-running approximate method of ship signature computation based on the
full-scale codes was developed to utilize the large weather ship data base.
Basically, this method approximates a ship by replacing it with a single element
and applies 3 correction factors to average the spacial varfations. The correction
factors are developed for: (1) differences in internal temperatures found through-
out the ship; {2) differences in thermal capacity of plating on different sections
of the ship; and (3) the presence of a visible stack for exhausting products of
combustion. The technique of modeling a ship by a single element and 3 correction
factors is termed the Single Element Method. It is designed to be used with
wecther ship meteorological data. Weather ship data, for ships operating in both
the Atlantic and Pacific Oceans were obtained from the Navy Weather Service. These
ships provide both surface and upper air data which was taken either hourly or
every 3 hours in well-defined locations. This data was used to make hourly calcu-
lations of ship contrast temperatures for use in the statistical compilations. The
Single Element Method of ship signature calculation reduces computer running time
to the point where several years of hourly weather data cun be economically run and
statistically analyzed.

The purpose of this report is to describe the Single Element Method, its
associated computer program, and its appiication in computing ship contrast temper-
atures. Ship signatures were calcuiated for a model of the U.S. Navy Patrol
Friqate located at one Morth Atlantic weather ship locatfon. These will be pre-
sented for 8 years of hourly meteorological observations. Statistical results are
given for ship, sky, background and ship contrast temperatures. Ship contrast
temperatures are specified for day, night and overall operation and for midday
hours where they are the largest. Additional computer runs were made to determine
the effect of target ship heading on fts signature. The methods and resuits
presented herein were developed to aid in present systems performance studies.
However, they can be used in providing estimates of ship contrast temperatures for
other purposes.
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I, BACKGROUND

This section describes the methods previously used tc computer ship signatures
from which much of the present work will be derived. It will cover signature
models and definitions as an aid to understunding the approximate method described
in this report. However, this section can be sxipped b those readers mainly
interested in the statistical results or tause already familiar with the previous
computer codes. The present work will use the basic mudels of the=e codes with
the important difference that signatures will be given &5 a ship contrast tempera-
ture instead of as the radiative power induced in a remote sernsor. This section
will briefly describe these models and give the signature related definitions while
also pointing out which parts of the model will be of future use. The infrared
Signature of a ship target was originally defired’ as the signal power it induces
in a remote sensor as the sensor's instantaneous field-of-view scans across the
ship and its background. This definition is expressed mathematically by the

following equatfon for radiative signal power.
p[f\ (Ht- Nb) - Va - 7+ 41+ du (1)

Here, the signature is really the change in irradiance between instantaneous fields-
of-view containing the ship superimposed on its background, Nt, and its background,
Nb, respectively. The more general case of the first field-of-view containing the
ship plus portions of the background is not covered by equation (1). However, this
case will not be considered in the present work which defines the signature as a
contrast temperature occurring at the ship and leaves it to the user to relate this
to his detector. Furthmore, the detector normalized response and the transmission
of the air path between target and detector are not needed in the present analysis
of target signature. The difference between the target surface radiance, Nt and
the sea surface or background radiance, Kb, defines the spectral radiance contrast
at the target. This quantity will be later reiated to the contrast temperature

definition of ship signature.

The target surface radfance is the radiant energy that the target emits due to
its surface temperature plus what it reflects from its background. This quantity

fs given by equation (2) as follows:
= . - -\
Nt Rsis* RS Af- (1 -S)+ Ng(l v (2)

where all radiative quantities are a function of wavelength. The first term in
equation (2) §s the radfance emftted by the shin's surface which is assumed to be a

'Ibid, p. 2-2
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graybody. That is, this radiance is the producy of blackbody radiance at the
ship's surface temperature and the emissivity of its surface coating which is
assumed to be constant over the waveband of interest., The spectral blackbody

radiance {s given by the familiar Planck’s law as follows:
3.74 ~ 10° Watts

R = e
a\*{exn(1.439 x 10°/:7-1)  m?-Sr - um

The middle term accounts for the reflection of the sun off of the target and
towards the detector. This quantity is governed by the angle factor, Af, which

has been empirically determined to be about 1€, The sun reflection was found to
be only about one percent of the remaining terms ir the 8-12um waveband hence it
was omftted in the approximate method. In the final term, the apparant background
radiance, Ng, is the radfance the target receives and subsequently reflects ?a por-
tion) from its background. The background seen by a target element can be the sky
(upper atmosphere), the air (sea level atmosphere), or the sea depending on the
orientation of the element. In the Single Element Method, the element is taken to
be vertical and its apparent background is radiance received from a long horizontal
air path. This background is represented as a blackbody at sea level air tempera-

ture.

Sensor background radiance is the radiant energy felt by a sensor if the
target were suddenly removed from its field-of-view. This quantity is composed of
radiance from the sea surface plus radfance reflected from the sky {upper atmos-
phere). Radiance is received from the sky even if it is not in the field-of-view
because of reflecting facet: caused by sea waves. The sea surface radiance {s

given by equation {4} as follows,

Nb = R ¢ n$(1-(w) (4)

where all radiative quantities are a function of wavelength. The first term in
equation (4) is the radiance of the sea surface. The graybody assumption is made
so that this quantity can be given by the product of blackbody radiation at the sea
surface temperature and the sea surface emissivity which is assumed constant with
wavelength. However, it is well-known that water in the infrared (2-15um) exhibits
a rapid decrease in emissivity® as the angle of incidence is increased above 50°.

A curve fit of measured data and theoretical calculaticons of unpolarized reflec-
tians was made to determine the change in effective sea surface emissivity with

viewing angle. The following equation results’:

¢, 0.98(1 - (1 - cos 8)%) (5)

“Kreith, F., "Principles of Heat Transfer," International Textbook Company,

Scranton, PA, Second Edition, p. 215, April 1965
SHudson, R. D., Jr., "Infrared System Engineering," John Wiley and Sons, New York

page 35 (13565)
*wolfe, W. L., "Handbook of Military Infrared Technology,"” Office of Naval

Research, Washington, DC, page 167 (1966)
""Fleet Signature Computer Model Program Manual," Op. Cit., p. S-1
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where v is the angle between the line-of-sigtt from the target to the detector and
the normal to the sea surface facets. The determination of sea surface emissivity
depends on knowledge of sea waves to predict the angle of the sea surface facets.
Surface waves may reflect 1ight from the sky over a wide range of angles. However,
Hulburt® concluded from his data that the 1ight reflected by a “breezy sea" comes
mainly from a region of the sky that is 25° to 35° above the horizon. Hence, it
was conciuded that for wind velocities between 5 and 25 knots, the sea facets at
the horizon can be represented by smooth water tilted 15° towards the observer.
For water surfaces before the horfzon the average tilt angle must be reduced to
account for negative wave slopes, {.e., waves tilted away from the detector but of
sufficiently small slope to allow light to be reflected towards the detector. Ex-
perimental data was used tos conclude that this reduction in wave slope could be
given by haif the target-detector elevation angle. The target detector elevation
angle is given as 90° minus the target zenith angle, Zp. The target zenith angle
is the angle perpendicular to the sea at the ship and the line-of-sight to the
detector. The angles which determine the effective sea surface emissivity are
shown in Figure 1.

DETECTOR

N\

TARGET

I
|
|

TARGET AT HORIZON + /  TARGET BEFORE HORIZON
o - 15 TO EARTH'S 4 o = 15°-%1(90° - 2;)
b0 CENTER 1O EARTH'S 5= -2,

0 -7 CENTER 8« -2
4 >0.

Finure 1. hiagles Determining Effective Sea Surface Emissivity

The second term in equation (4) s the radiance refiected by the sea surface
facets towards the detector. The sky radiance, Ns, depends on the amount of cloud
cover. Hence, it is assumed that sky radiance is composed on the average of a
portion from the sky which is clear and a portion from sky that is cloud covered.
This is expressed in eguation (6) as follows,

Ns = (1-F): Nc+f- Sa (6)

*Hulburt, E. 0., "The Polarization of Light at Sea,” J. Opt. Soc. Am., Vol, 24
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where all radiative quantities are a function of wavelengths. The fractirnal part
of clear sky, f, is relatable to the cloud cover which is included in meteorologi-
cal data. The cloudy sky radiance, Nc, is composed of two parts. The first part
is the emission of the cloud, Rc, taken to be a blackbody at the air temperature at
the cloud height. This radfance is attenuated by the atmospheric transmission, Ua,
of the path between the clouds and the target. The second part is the spectral
radiance, Sc¢, of the atmosphere contained in the path between the clouds and the
target. Thus, the cloudy sky radiance, Nc, is the sum Rc:. Ua +Sc. The clear sky
radiative emission, Sa, is the spectral radiance of the atmosphere in a clear path
from the target to the top of the atmosphere. The height of the clear sky is
arbitrarily taken to be 30 km in calculating clear-sk,; radiance. The empirical
result that most of the sky radiance from a reflecting sea surface comes from a
region about 30° above the horizen is used to locate sky radiance. It is assumed
that sky radiance is refleited from wave facets at the sea surface which are
inclined 15° from the horizontai. This wave slope was modified slightly for targets
before the horizon as previously explained. A graphical dzccription of the com-
ponents of sea surface radiance is given in Figure 2.

CLOUDS, FRACTION -~ 1-F

CLEAR SKY <

FRACTION=-F \

DETECTOR

Figure 2. Composition of Sea Surface or Background Radiance

A general equation for the sky reflection angle which takes wave slope into
account is derived in the references.” The average sky radiance, defined in

*"Fleet Signature Computer Model Program Manual,” Op. Cit., p 4-7 to 4-10
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equation (6) generally requires a radiance calculation along two paths of different
lengths but similar direction. The general equation for the apparent spectral
radiance observed from one end of a column of atmospheric gases is given by the
following equation.

[
S-!Ua-Ra-aa-dL (7)
This integration is more complicated over paths of changing altitude since all three
terms in the integrand vary with altitude., The integral was simplified by a trans-
formation of variables to radfance as the independent variable'?. The new integral
was solved numerically using Guass's quadrature formula in the fifth degree. This
formulation requires that air radiance (a blackbody at air temperature) be calcu-
lated at five altitudes. In calculating air radiance, the following relationship
between air temperature and altitude was assumed.

Hellkm T =To-72 (°F) (8)
H>1lkm T = To-72-H/11 (°F)

The spectral radiances defined by equations (2)-(7) were calculated at
equally spaced wavelength fntervals ('3 = 0.4um) in the 8-12.m regicn. They were
then converted to a band average radiance by simply multiplying by the wavelength
interval and summing the spectral quantities.

The optical transmissions aleng the appropriate afr paths are needed in the
computation of both clear and cloudy sky radiances. In the 8-12um waveband, thermal
radiation is attenuated by discrete absorption lines of water vapor, ozone, and a
combination of uriformly mixed gases (CO, CO;, N;Q, etc.) and by a continuum
absorption due to water vapor. Additional energy is absorbed by naturally cccurring
aerosols which are introduced into the air by continental and surface sources. The
present work updated the existing ship signature codes by improving the calculation
of atmospheric transmission in the 8-12.m rcgfon. Transmission assocaited with
molecular absorption due to water vapor, ozore and uniformly mixed gases were cal-
cuiated using tables of absorption coefficient versus waverumber taken from the
LOWTRAN 111 Computer Code'’. Water vapor continuum absorption was calculated from
an empirical law'‘ derived for the newer Il11-b version of LOWTRAN. The reduction
in transmission due to the presence of aerosols was recently modeled'® by combining
predictions of marine and continental aeroso! particle distributions. The total
transmission for a given wavelength {s the product of the above individual trans-

missions,

Y*1bid, p. 4-2

‘'Selby, J. E. and McClatchey, R. A., "Atmospheric Transmittance from 0.25 to 28.5um:
Computer Code LOWTAAN 3," Air Force Cambridge Res. Lab., AFCRL-TR-75-0255, May 1975

17Selby, J. E., et. al., "Atmospheric Transmittance from 0.25 to 28.5.m: Supplement
LOWTRAN 38 (1976}," Arr Force Geophysics Lab., AFGL-TR-76-0258, November 1976

"'Ratz, B. 3. and Hepfer, K., "Electro-optics Systems Performance in Selected Marine
Envzro?g;nts,“ Proc. of AGARD Symp. Model. Aerospace Prop. Envir., Ottawa, Canada,
Aprii 8
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Tl HEAT TRANSFER RATES USED IN SINGLE ELEMENT MITHOD

Ship signatures are defined in this report to be the contrast temperature dif-
ference between the ship and its infrared background. This section will present
methods of calculating the heat transfer rates which produce the temperatures of
the Single Element Method. The Single Llement Method consists of calculating the
temperature in 3 single element which represents a ship and applying three cor-
rection factors to account for differences between the element and the ship. The
basic thermal mode)l of this method for predictions of this report is a single
vertical plate of unit surface area. This element is heated by solar energy and by
internal heat sources such as the power plant or auxiiiary machinery. The element
is cooled by air flow due to ship and wind motion and by occasional rainfall.

Solar heating s the largest heating rate and is important because it dominates
ship temperatures during the day and may influence these temperatures for several
hours after sunset. The totai solar heat Voad incident on a given surface is the
sum of direct and diffuse solar energy multiplied by the solar absorptivity of its
surface coating. The small amount of reflected solar energy due to the albedo of
the sea will be neglected. Direct solar radiance is simply tne sotar constant or
solar radiation received outside the atmosphere (1350 watts/m’) multiplied by the
transmittance of solar energy in traversing the atmosphere, {.e.,

Qo < 1350 Ut (9)

The total transmission, Ut, consists of 4 components which account for, (1) absorp-
tion of water vapor, (2) molecular scattering, (3) aerosol scattering, and (4) the
masking of solar rays by clouds. Equations for these components are given in the
references'*. The diffuse cr indirect solar radiance is due to the aerosol and
molecular scattering of direct solar radiation out of the line-of-sight between the
sun and a surface on the earth. It fs assumed that half of what is scattered
eventually reaches this surface on the average. From this ascumption, the following
equation for diffuse solar radiance is derived.

Qf = Qo (1- Ums +Uas)/2) (10)

The amount of direct or diffuse solar energy that impinges on a surface depends
on the angular relationship between the line-of-sight from surface to sun. This
relationship {5 different for direct and diffuse radiance but both depend on the
position of the sun relative to the earth. The sun's location relative to the earth

t“"Fleet Signature Computer Model Program Manual," Op. Cit., p. 6-2, 6-3
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is described by the sun's zenith and azimuth angles. The sun's zenith is defined
relative to a perpendicular to the earth's surface and its azimuth is defined ;
relative to North. The following equations define the solar zenith and azimuth %
angles'®, p
cos z = (sin ¢)(sin d)+ (cos c){cos d)(cos b) (1) %
cos Az = (cos c¢){sin d)- (cos d){sin c)(cos b) (12) :
(sin 2)
In these equations, the solar declension, d, i a function of time of the year and
the hour angle, b, is 15° for every hour of time away from efther side of solar
noon. Once the sun has been located, it is cnly an exercise in geometry to find
the direct solar radiance which is given by the component of sunshine normal to
the surface. Figure 3 shows the geometrical considerations in determing the normal
component of sunshine for a vertical element.
\\ L/ /
~ —~ VERTICAL i
i:: —  § :
/ :
/ 1\ f
NoRry,
SHIP g
HEADING 1
Figure 3. ODetermination of Direct Solar Radiance on a Vertical Surface é
"*Threlkeld, J. L., "Thermal Environmental Engineering," Prentice-Hall, Inc., 4

Englewood Cliffs, New Jersey, p. 319 (1962)
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The following equation for direct solar radiance on a vertical element repre-
senting a ship of heading, M is derived following Figure 3.

Qd+Qo.sinz- cos(M* 90° - Az) (13)

In equation (13), +90° {s used for the portside and -90° for the starboard side of
the ship. The heading M {s measured clockwise (eastward) from north {heading is
shown counterclockwise in Figure 3 to avoid cluttering).

The diffuse component of solar radiarce is incident on a surface from all
directions and is found by integrating the dot product of the surface normal and a
distribution function for the intenstiy of diffuse energy. The following result
was dervied*

qr - M0+ 2:sinz cos yiM+90- Azl (14)
z

Here, +¢7 is for a portside element and -90 for a starboard element in agreement
with ey,etion (13). In summary, the total solar energy on a vertical surface is
given by the following equation

Qs = a{Qd + Qi) (15)

Heating due to internal sources is described by providing the internal tempera
ture and a convective heat transfer coefficient for each compartment of the ship.
These temperatures and coefficients are found in ship design specifications and
typical values are chosen for use in the single element method.

Convective cooling rates due to air flow over the ship are generally lower
than those due to rainfall but are more important because they always contribute to
the ship temperature calculated using weather data. Cooling due to wind is de-
scribed by a convective coefficient which was derived from measurements made on
ships at sea. The following equation results for vertical surfaces**

ha = 3.56 - 06 (16)

Here, V is the relative wind speed which is the vector sum of the wind velocity
vector {found in weather data) and the ships speed and heading vector.

Cooling rates for rainfall are also described by a convective coefficient
which was derived for this work using boundary tayer analysis. Before proceeding
with this analysis, it is necessary to classify rain conditions based on the rate
of rainfall. Light rain was defined to be 0.1 in/hr or less and heavy rain 0.3
in/hr or greater in reference'®. The boundary layer aralysis was done for each
of these rain rates in the following manner, first, it was assumed that these rain

*This equation was derived by Mr. D. Friedman of the Naval Research Laboratory who
prosided much of the analysis going into the Ship Signature Computer Codes pre-
vioasty mentioned.

**This equation also provided by Mr. DB. Friasdman

'$vyigible and Infrared Transmission Through Ciouds, Fog, and Rain," Raytheon Missile
Systems Div., BR-4029, December 3G, 1966
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rates fall onto and flow along a 3-foot-wide deck and collects on its edge. This
forms the initfal conditions to a laminar flow boundary layer computer program'’
which calculates the velocity profile for water flowing down a vertical piate. An
average velocity is found from the fully-developed velocity profile and this is 3
used to compute an average convective coefficient'®, In these calculations the 3
ship side was taken to be 10 feet in hefght, Coefficients were tound for the ;
maximum light rain and minimum heavy rain conditions assumed above. The minimum
heavy rain coefficient was increased 10% and the maximum 1ight rain coefficient was
decreased 10% to realize coefficients for representative 1ight and heavy rain. An
intermediate value was chosen as a medium rain condition, Many weather conditions
occur as drizzle which have less rainfall than 1ight rain, Convective coefficients
for drizzles are provided by assuming these are 15% of the corresponding rain
values. This arbitrary assumption is based cn the fact that free convective
coefficients are generally 10.20% of forced convective .oefficients, The following
table presents the rain coefficients derived for this work,

4 Sy r oy ke

3o g bk

NN e S A ot

Table 1. Convective Cooling Coefficients for Rain Falling on a Vertical Element

N T

Intensity Drizzle Rain
Light 12 watts/m -°C 80 watts/m’-°C
Medium 20 " " 135 y !
Heavy 30 " " 206 " ! :
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“'Wilson, D. M, and Katz, B, S., "The Use of Water Cooling for Protection Against
Thermal Radiaticn from a Nuclear Weapon Detonatfion.” NOLTR 74-59, 23 Apr 1974

“*Kreith, K., Op. Cit., p. 296
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Iv. SINGLE ELEMENT METHOD FOR CALCULATION OF SHIP TEMPERATURE

Equations {9)-(16) for heat transfer rates will be used in the Single Element
Method to calculate the average temperature of a target ship. In this section, the
basic temperature equation and the equations for the 3 correction factors which
define this method will be developed. The Single Element Method will be applied to
a specific ship, the U.S. Kavy Patrol Frigate, and used with weather ship data to
calculate contrast temperature differences.

d
3
3
:
&l
4]

The Single Element Method breaks a ship into sections having common internal
temperatures and subsequently into sections having common thermal capacity of outer
walls. A basic thermal element {s chosen to be a vertical element of unit surface
area and the lowest internal temperature, Tngi,, and lowest thermal capacity, Wmin.,
of all ship sections. The basic element temperature §s calculated and correction
factors are derived from the differences of the remaining sections. Correction
factors account for the variations in internal temperature and thermal capacity and
for the presence of a hot stack. An equation describing the temperature of the
basic element is found from a heat balaace on this element. This balance, which
equates the heat stored in the element 1o the net heat transferred to it, is given
by equation (17).

Nmin%@ = Qs - ha(T-Ta) -hr(T-Ta)- hi(T- Tnpip) (17)

Here, Wp;, is the thermal capacity of the basic element which is the product of its
density, specific heat, and thickness. Heat conduction rates are not present in
equation (17) because the basic element is thermally-thin, i.e., heat is assumed to
be uniformly distributed from its front to its rear surface. Also, it is assumed
that each section is thermally isolated from its neighbors, i.e., there is no thermal
conducticn between adjacent elements.

Equation (17) is solved for the basic element temperature by first replacing
the derivative, d7/d: by its finite difference equivalent, 27/.7. Here, AT is the
change in element temperature from an initial value, To, to a final value, Tb, which
results after a time interval, '1. The following non-dimensinnal parameters are
defined for convenience.

(1 B 4

HA = = (18)

hr it Q

HR = — (19)

HI = hi. ax (20)
W g
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A final grouping of variables has the dimensions of temperature.

Qs = Q_S_w.____ (21)

The basic element temperature is found by solving equation (17) using the definitions
expressed in equations (18)-(21). The result is

_ Jo+QS +(HA +HR)Ta +H] - Tn (22)
1 +HA + HR + H]

T

Equation (22) is an equation for the stepwise numerical computation of the basic
element temperature. That is, this temperature is found from a starting temperature,
Tc, a time interval, i, and weather data from which the heat transfer rates appearing
in equations {i8)-{(21) can be calculated. The computed temperature, Tb, then

becomes the starting temperature for a subsequent calculation based on equation (22)
and weather data for the succeeding time interval. Equation {22) provides a stable
calculation of temperature regardless of choice of time step. This result was not
achieved in the previous ship signature computer programs where a time step of 1/16
hour was typically chosen to avoid stability problems,

The temperature correction factoer to account for the different internal tem-
peratures found throughout the ship is developed by subdividing a side of the ship
into sections having common internal temperatures. The side of the ship chosen
corresponds to the signature while viewing that side. Next, the average or overall
ship temperature is the average temperature of all of these sections which have
different internai temperatures. This fact is expressed by the following equatior.

AT +A T, % ~-e AT
T o= i o m B 23
A;"’A:* “'En ( )

Here, A, is the area fraction or fraction of the total visible ship surface area
which has a temperature, T due to the first internal temperatur2, Tn,. A: is the
fraction of visible surface having a temperature 7. due to the next internal
temperature, Tn., and so forth for a total of m such sections., The sum of the area
fractions, Ay +A + ---A_, is 1.0 hence the denominator of equation {22) was
included for clarity only. These sections are identical except for their area and
internal temperatures hence their individual temperatures can be calculated by
equation {22). Equation (22) for calculation of overall section temperature is
rewritten below in a form which fsolates the internal temperature effect which is to
be studied, i.e., let,

Tj = D+E- Tnj (24)
where
_ To+QS+({HA+ HR)Ta
D - T +HA+HR +HI (25)
£ H1 (26)

1 +HA » HR ¢+ HI

and j is an indev running from 1 tc m (m is the totai number of sections). Now,
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when equation (24) is substituted in equation (23) for the section temperatures,
these are eliminated and the average ship temperature is derived in terms of inter-
nal temperatures.

T by sl e e

=D+L Tn, +A E(Tn - Tn )+ --- A E(Tn - Tri)) (27)
S — I e s
basic temperature correction factor
element for internal temperature variation
temperature

IR TA

e

NS e

Equation (27) was designed to divide into a basic element temperature plus some
terms depending on area fractions and internal temperature differences of the
various ship sections. The first two terms detine the average temperature of the
entire ship {area fraction = 1.0) if it had internal temperature, Tn;, which is
the lowest internal temperature. The remaining terms represent the temperature
correction factor for internal temperature variations. An illustraticn of the cal- i
culation of this correction factor will be given “ater for the Patrol frigate.

% oafd e e,

The temperature correction factor to account for the different thermal capa- ;
cities, W, of outside ship walls are developed in a similar manner but independently ;
of the internal temperature correcticn method. First, the sige of the ship in view k
15 subdivided into ¢ number of sections each having a different thermal capacity.
Lach of these sections will have a common internal temperature which is the value
of the section which has the lowest internzi temperature. The average or overall
ship temperature for this situation is e.pressed by the following equation.

T28,T,+8. 7 + --= B T (28)
pp

21X

263

Here, B8, is the area fraction havan, thermal capacity W. which results in the over-
all section temperature 7.. B 1is the fraction of vwsfble area having temperature
T. due to thermal capacity, W , and so forth for a tota) of p such sections. The
individual temperature for cach of these sections s also given by equation {22).
fquation (22} is rewritten below in a form which isolates the thermal capacity
effect to be studied, i.e., iet

A

BB A LS St it
~4
v
n
"

- (29)

where i
Vi = (30) ;

F=Gc+(hathriTa+hi Tapin (31) ;

G = ha+hr+hi (32) :

and j is an index running from 1 to p {p is the total number of sections). Now, if
equation (29) is substityted into equation (28) for the section temperatures, these
are eliminated and tnhe foilowing equation in terms of variable thermal capacity
results.

LA
A A SRR ST

18

¥
WHRBATIORLR AU TR AN

o




R W S T P B T mm@wwwgﬁ%mwWL@'&W‘“&WWW@%&MWW" LS

NSHC/WOL TR 78-187

basic element
temperature

V.- V) (F-6- ~_11 ) (Vp~ V,){F- G- To), temperature cor- (33)
S WV, sV eV, v, b BTV R VYTV VeG? | rection factor for

thermal capacity
vartation

Equation (33) was also designed to divide into a basic element temperature plus
terms representing the temperature correction factor for thermal capacity variations
of the remaining sections. The basic element temperature is the average temperature
of the entire ship if it had the thermal capacity function V,. V, represents the
Towest thermal capacity found on ship sections. The temperature correction factors
for internal temperature variations {equation {22)) and for thermal capacity
variations {equation {33)] were developed independently of each other but both will
be added to the basic element temperature to find the overall ship temperature.

The justification for doing this is that each correction is small compared to the
basic element temperature hence no appreciable error should result when internal
temperature and thermal capacities different from basic element values exist
simultaneously on some sections. The size of these correction factors will be
estimated later for the Patrol Frigate.

The temperature correction factor to account for the presence of cne or more
hot stacks is developed using the same procedure as in the preceding correction i
factors. First, the overall ship temperature is taken to be the area fraction E
meitiplied by the overall temperature of the ship without stacks plus a contribution
consisting of the area fraction multiplied by the overall temperature of each stack. 2
This first temperature is taken to be the basic element temperatyre [see equation
(22)* . The overall ship temperature is given in the following convenient form by 3
eliminating the area fraction of the ship without stacks from a preceding equation 3
similar tc equation {28)

T= TheC(T,-T0) +C,(T, - Tb) + ~o-- CqlTq- Tb) (34) f

Here, Tb is the basic element temperature for an area fraction of 1.0 and Ty, T,
etr,, are average stack temperatures at stack area fractions C,, €., etc., for a
total of 4 stacks, The average temperalure of stacks s given by equation (22)
with the important difference that these elements have a high internal heat trans-
fer rate, hk, and a high internal temperature, Tk, replacing hi and Tnpjn of the
basic element. This requires that the internal heating parameter, Hl isee equation

(20} % be replaced by the stack heating parameter, HK, which is defined as follows:

S AR AR

S

h¥, -
HK = "w (35)

The internal temperature, Tn, in equation (22} is replaced by the temperature, TK,
which is the average temperature of flue gases leaving the stack. A temperature
correction factor for stack presence can be derived by substituting equation {(22)
with stack modifications into equation {34) for each stack present. This results
in a complex cumbersome equation for stack correction which can be simplified by
makirg the following assumptions. These are: (1) the thermal capacity difference
between the stack and basic element is neglected; (2) terms {nvolving the internal

19

N
it A

R I BN R o 5 o

D0 e Keas YA G R AN IR DS A N st




R R R e R

NSHC/WOL TR 78-187

heat transfer coefficient, hi, will be neglected in expressions involving terms
containing the stack heating coefficient, hK; and {3) product terms containing hi
will be neglected in expressions vhich also have product terms contzining hK. These
assumptions were justified by calculations based on the Patrol Frigate. Using these
assumptions, the following equation for the average ship temperature including the
presence of stacks is derived.

~ ) (HC + HR +1)(
T o= IO+ Gy B e iR+ )T

TXy -Ta) ~Qs,
HC Y HR + HKIT'

[

(HC +HR +1)(TK, -Ta) - Qs+ \
+Cq  HK ol T TR ¥ T (HC W 1R R, 1} (36)

A final simplification can be made which will allow the stack effect to be rapidly
estimated. This is that the contribution to stack temperature by solar heating is
Tikely to be small in comparison to the heat transferred by stack gases. In this
case, the solar heating parameter, QS, can be neglected in equation (36) which
reduces to the following

. HE{Tk - Ta)
LIRS /et rwra (37)

Equation (37) is the estimated average temperature of a ship having one stack or
several identical stacks and it can be used to initially judge what effect the
stacks will have on the total ship sigrature. The stack correction factor considers
the effect of stack gas heating but does not consider the signature contribution of
the hot gases (plume) leaving the stack. This is justified in the present work
for SEAFIRE systems which operate in the 8-12,m waveband where radiance from the
predominately carbon dioxide gas in the exhaust plume is rapidly absorbed by the
atmosphere. A system operating in the 3-5m waveband would receive radiance from
the plume and this would have to be included in the stack correction factor for
completeness.

The correction factors for internal temperature differences, thormal capacity
differences and for the presence of stacks are given in equations (27}, {33), and
(36), respectively, along with the basic elument temperature, Tb. The single
element method for calculating ship temperature consists of taking the average ship
temperature to be the basic element temperature, Tb, plus the sum of the 3
correction factors., The basic element temperature is the average temperature of a
given plane view of a ship if its entire surface area had the lowest internal
temperature and lowest thermal capacity of all rajor sections cof the ship. It
should be remembered that an average ship temperature is meaningful in ship sig-
nature work only if no hot spots dominate the signature. It will be shown later
using the Patrol frigate Model that internal temperature and thermal capacity
differences do not dominate the average temperature caiculation. However, large
stack internal heat transfer coefficients and high stack gas temperatures do have
the potential of contributing as much or rmore to the signature as the remaining
ship for stacks of even relatively small surface area. If this is the case, it
makes sense to apply the single element method to thr ctick atone and neglect the
remaining ship surface. It also can be applied to the stacks alone for the case
where the main body of the ship is obscured by the horizon. The Single Element
Method is applied by using the stack varfables in equation (22) while remembering
that the resulting temperature applies to the small stack surface area only. The

RO
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correction factors do not apply in this case. The stack correction is usually
small when signature suppression techniques have been used to cool the exhaust
gases or surrounding stack casing. Equation (37) can be used to gauge the stack
contribution by using an average value of 5.0 for the sum, "HC +4R," with a time
step, A:, of one hour used in the calculation of HK {see equation {35)].

The single element method requires a ship model for the calculation of the
basic element temperature and the 3 correction factors which define the average
ship temperature. A model of the U.S. Navy Patrol Frigate was obtained along with
the SIRS computer code in which this model was used*. This model breaks the ship
into 92 sections and provides the internal temperature and heat transfer coefficient,
the thermal capacity, emissivity, absorptivity, surface area, and the orientation
of each section. The application of the Patrol Frigate Model in the Single Element
Method is given in Appendix A. This appendix shows how the ship is broken into
sections for the caiculation of internal temperature, and thermal capacity cor-
rection factors. Also, the stack is analyzed and the size of its correction
factor estimated. The work of Appendix A will later be used with weather ship
data in a computer code to calculate the ship contrast temperatures and their
statistics.

The equations developed ir this section ailow the actual ship temperature to
be computed. However, for ship signature work, an effective temperature corres-
ponding to the ship radi- .ce is desired. This temperature is defined as the
temperature that yields the same radiance in a graybody calcuiation as the target
surface radiance calculated by equation (2). Since sun reflection is neglected
and the apparent background is the air, the effective ship temperature is the
following

IS = ¢ T+ ({1-¢)Ta (38)

This definition is based on the expectation that the Single Element Method
Temperature, T, and the air temperature, Ta, are somewhat the same so that the sum
of radiances in Equation {2) is approximately reproduced by the effective ship
temperature. However, the emissivity in the 8-12.m waveband of Navy Gray paint
used with the Patrol Firigate Model is 0.94 hence the effect of the air temperature 5
tern is small, thereby lessening the requirement that it be near the ship temperature.
The problem of representing sum of radiances with sum of temperatures ig discussed

in the next section.
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*This model, along with the SIRS Computer Program and instructions on its use,
was obtained from Mr. R. Burns of the Naval Ship Research and Development Center

{Annapolis).
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v, CONTRAST TEMPERATURE CALCULATION

The effective ship temperature calculated using the Single Element Method 1s
combined with a background temperature to define the target contrast temperature
that 15 required in SEAFIRE systems analysis. Ship contrast temperature is based
on the radiometric definition of ship signature given in Equation (1). That f{s,
the contrast temperature at the target ship.1s equivalent to the radiant contrast,
Nt - Nb, which appears in Equation (1). The ship contrast temperature {s defined to
be the effective ship temperature minus the background temperature as given by the
following equation.

TC « i$- 16 (39)

The ship temperature, TS, is the effective temperature which approximately produces
the target surface radfance when used in a blackbody calculation for the 8-12um
waveband. Background temperature will be similarly defined such that 1t will
approximately produce the background radiance. The background temperature that {s
analogous to tﬁe background radiance defined in Equation (4) is given as follows

TG = cfw-Tw*(l-cw) - Ty (40)

Here, Tw and Ty are the sea surface temperature and the effective sky temperature
at the appropriste reflection angle. r, {3 the sea surface emissivity defined in
Equation (5). ¢y is about 0.24 for viewing one ~hip from another. Hence, the
backgrbund raafance and therefore {ts effective temperature is composed of about
one part water temperature and 3 parts sky temperature. Equation (4) applies to
the case where the target ship is slightly before the horizon so that sky radiation
will be reflected off of the wave slopes. If the ship were on the horizon, the
background would be atmosphere at its sea level temperature. Calculations based on
Weather Ship J data showed that sky temperatures range from about -40°C to +10°C
while sea temperatures are close to +10°C. It will be shown that the background
radfance computed from the background temperature of Equation (40) is not
significantlv different from the sea surface radfance computed from Equatfon (4).
This was -hew., by computing radiances by each method and comparlng them for sk{
temperaty. i rotween -40°C and 10°C and a water temperature of 10°C. The result

%f the¢  i.uiations which were made for the 8-12um waveband are given in Figure

Figvee 4 shows a maximum difference of 5 percent between radfances at -40°C
ard this ifers ce continuously decreases as sky temperature increases. It will
br shown fat  that sky temperatures less than -40°C are rarely encountered and
that medisn -7 temperatures are in the 0-5°C regfon for the weather conditions of
this report. .cnce, very little error will result from using equation(40) to
define the background temperature. The above Jjustification of background tempera-
turc depends on defining a sky temperature, Ty, which will reproduce the sky radiance

Best Available Copy?
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Ns, which was defined by Equation (6). This isdonein a straight forward manner
below.

Sky temperature is determined directly from a sky radiance calculation. The
sky radiance is composed of clear sky and cloudy sky components whose calculation
was previously outlined. Sky radiance for the 8-12i.m vegion was found by summing
the product of spectral sky radiance given by fquation (6) and a wavelength in-
crement of 0.4.m for wavelengths separated by 0.4;m in the 8-12um waveband. Sky
temperature is defined to be the temperature which yields this radizace in a black-
body calcuiation made in a like manner. The relationship between temperature and
radiance for the blackbody in the 8-12.m waveband is shown in Figure 5. Sky tempem- 3
ture could be found by computing the sky radiance and reading the corresponding 3
temperature from Figure 5 whenever a ship signature is required. The previous
ship signature codes compute a signature after making a sky radiance calcilation.
However this procedure will not be used here because sky radiance calculation is a
lengthy numerical procedure. This procedure as previously outlined would be pro-
hibitively expensive in computer time for the thousands of contrast temperatures
calculated herein using weather data. Instead, sky radiance will be computed
beforehand and provided in tabular form to a computer code which calculates contrast
temperatures. The development of these tables is described next.

Sky radiance is composed of a clear sky component and a cloudy sky component
which depend on the fraction of clear sky, f, as indicated in Equation (6). The
calculation of both of these components require that the atmospheric emission over
the paths shown in Figure 2 be determined. This requires the calculation atmo-
spheric transmission by the methods given previously. The above review is given to
point out that the following inputs are needed in making up the sky radiance tables.
These are: (1) A wmodel atmosphere to specify conditions ¢f the atmosphere above
sea level; (2) cloud heights to determine the length of cloud radiance paths, and
(3) wind speeds which are required in aerosol transmissicn calculations. The re-
Tative humidity is important to transmission due to water vapor and water vapor
continsum hence this variable should influence sky radiance calucation. However,
it was found that specifying a sea level relative humidity has only a very small
effect on sky radiances which are governed by water vapor amounts specified by the
model atmospheres. Hence, relative humidity cannot be included in the sky radiance
tables until a method of relating sea level and higher altitude relative humidities
is developed. Two model atmospheres were chosen in anticipation of the weather
data which will be taken from a representative weather ship. This ship, Weather
Ship J, operated off the coast of Ireland {Latitude 52°N, longitude 2C°W) hence
model atmospheres for a midlatitude summer and a midlatitude winter were chosen
from the LOWTRAN transmission work'®. Five cloud heights and six wind speeds were
chosen to cover the range of expected weather conditions. The clear ind cloudy
sky radiances which meke up the sky radiance tables are given in Table 2. The
radiances in Table 2 are calculated using a sea level air temperatuce of 10°C.

This value approximates the year-round air temperatures observed by Weather Ship J.
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A computer program to compute Ship contrast temperature was written using the
methods of this report. This program starts with weather ship data an< computes
ship temperature, sky temperature, background temperature and contrast temperature
for many data points. It then computes the probability of occurrence of given
values of temperature for all of these ship signature variables. This program was
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SEA SURFACE RADIANCE

~————— RADIANCE FROM BACKGROUND
TEMPERATURE CALCULATION

Fiqure 4. Comparison of Sea Surface Radiance and Radiance Calculated

BLACKBODY RADIANCE, WATTS/M?-SR

from Background Temperatures for the 8-12 .m Waveband
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Figure 5. Blackbody Radiance in 8-12 um Waveband.
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designed to analyze large amounts of data economically with respect to computer

running time. For example, six months of hourly weather data is analyzed in 180
seconds of CDC 6500 computer time. This includes calculating and printing data

hourly and calculating, printing and plotting the statistical data on a monthly

basis.

TabYe 7. Shy Radiance Tables for Surface Tenperature of 10°C,

Cloudy Sky Radiance*

Wind Cear |
.F __Speed _ u-]-,..S.‘&Y:-P‘. = 1750m 1 = 1250m M = 800m H = 400m H = 150m
.o 116.25!  26.75 ¢7.78 28.86  29.98  30.78
. 5.0 m/sec 216.46! 26.77 27.80 28.57 29.98 30.78
10,0 mysec [ 17,227 26.94 27.84 28.89  29.99  30.78
15.0 m/sec 18.80  27.05 27.93 28.96  30.01  30.78
g 20.¢ n/sec %23.55, 27.94 28.56 29.27 3011 30.80
1200 misec 31,230 30,97 30.97 30.98  30.98  31.04

(a) Midlatitude Summer Modei Atmosphere Sky Radiance ;

' Cloudy Sky Radiance*

Wind Clear
.Speed  Sky* H = 1750 H = 1250m R = 800m M = 400m M = 150m ‘
0. 8.75 25.77 27.19 28.57 29.89 30.76 g
5.0 m/sec i 9.12 . 25.80 1.2 28.58 29.89 30.76 €
10.0 m/sec | 10,44 ; 25%.96 27.27 28.61 29.90 30.76 ?
15.0 m/sec | 13.13 % 26.19 27 .44 28.69 29,92 30.76 §
20.0 m/sec | 20.74 ! 27.36 28.17 29.05 30.02 36.78 %
30.0 m/sec * 31.22 | 30.95 30.95 30.97 30.96 .03 z

(b) Midlatitude Winter Model Atmosphere Sky Radiance.
*Radiance in watts/m’ - °C
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Vi, RESULTS

Data Format

The ASIRCT Computer Prograrm, described in Appendix B, was run with weather data
from Weather Ship J to compute contrast temperatures using the method of this report.
These temperatures were analyzed statistically to find cumylative probabilities of
occurrence of temperature which was the form required for SCAFIRE systems analysis.
The contrast temperatures reported are for the 8-12.m reqion of the infraved since
the SEAFIRE systems as well as most present modular FLIR systems operate in this
waveband. Ship, sky and background temperature are the component temperatures
which define the contrast temperatures. These are computed to aid understanding
of contrast temperature results and to tie in the contrast temperature and contrast
radiance definitions of ship signature All calculations were made using the model
of the U.S. Ravy Patrol Frigate which is given in Appendix A. It was also shown in
Appendix A that results computed using this model will provide a good approximation
for all similarly constructed ships having cooled stacks. The results of contrast
and component temperatures will be presented for 8 years of Weather Ship J operation.
These temperatures are given primarily for a target ship heading which resuylts in a
maximum contrast {due east or west). However, contrast temperatures for other
headings will be given and the effect of heading on contrast will be discussed.

This section will also provide the rationale for defining probabilities and results
will be given in terms of these probabilities. A method of relating the ship
contrast temperature and ship radiance signature will also be given. Finally, ship 5
contrast temperatures willbe given for @ background consisting of air at sea level i
temperature. This case might be expected for a target ship slightly above the
horizon where there is no reflection from the sea in the batkground.

Statistical analysis of temperatures calculated in this report consists of
finding the cumulative probability of occurrence of all temperatures that are equal
to or less tnan a given value. This definition is useful in system studies where
a given system is assumed to be operational at a given contrast temperature. Then,
the probability of system success is equal to the probabflity that the contrast
temperature is above the critical value. The results are produced by compiling the
individually computed ship contrast temperatures into a number of standard tempera-
ture vatues. The standard values are provided in a 1ist of temperatures separated
by @ 0.2°C interval between -3.0°C and slightly larger intervals outside this range.
This Jist can be found in Fiqure B-2 which is a Visting of the ASIRCT computer
program (see TLIST). A compyted temperature is compared sequentially to this list
until the first smaller temperature is encountered. The computed temperature is
stored at this list temperature. This process is repeated for many calculated
temperatures until a large number of pcints have been stored in varfous positions 4
on the standard list. A probability density function for ship temperature is . 4
, produced by dividing the number in each temperature of the 1ist by the total ‘4
» nunber of temperatures stored. The probabiiity that temperature is equal to or
lower than the listed temperature is computed sequentially by use of the probability
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density function starting with the highest temperature. Calculation is continued
until probabilities for all temperatures in the standard list have been computed.
These cumulative probabilities are printed as tables in the computer output for
each of the contrast and component temperatures mentioned in this report. However,
to simplify the presentation of data, temperatures corresponding to standard
probabilities from 0.10 to 0.95 were computed by interpolating the computer printed
tables. The standard probabilities and their corresponding temperatures were also
printed in ‘he computer output and are reproduced in this report.

Ship Headina and Solar Insolation

The ship's heading influences the amount of solar energy absorbed on a vertical
element see Fiqure 3 and equations {13)-(15}j. It has a significant effect on
daytime signatures since solar heating is a major factor in rasising the bulk ship
temperature above its ambient air temperature value. Daytime contrast temperatures
ar: very important in SEAFIRE systems studies where FLIR systems are compared to
television systems for passive daytime operation. Solar insolation is the rate of
heating received at the earth from the sun hence an element aligned perpendicularly
to the line-of-sight to the sun receives the maximum possible heating. The line-
of-sight from earth to sun also depends on the time of year due to the variation in
the sun's declination, Hence, the heating of a ship which is represented by a
vertical element depends on the orientatior of the element with respect to the line-
of-sight to the sun. The maximum solar insolation occurs on June 21 when the sun's
declination is a maximum and minimum insolation occurs on December 21. The sun
rises in the cast and traverses the southern sky in a westward direction. Hence, a
ship heading cue east will receive maximum or all day direct heating on its star-
board side and a ship heading due west will receive maximum heating on its port-
side. Ships heading duc south {starboard) or due north will receive direct solar
heating in the morning and afternoon, respectively, and indirect or diffuse solar
heating the remaining time when its sides are shaded. Ships heading due west
(starboard) or due east (portside) are always shaded hence receive diffuse solar
heating only. These 3 headings for an element on the starboard side, due east,
due south, and due west., which have full, half, and no direct solar heating will
provide the reference headings for this report. The daily incident solar enerqy on
a starboard vertical element for each of these headings was computed by summing
hourly the direct and indirect heating rates given by equations (13) and (14).
These are shown in Figure 6 for the 52 N longitude of Weather Ship J. Figure 6
shows that a factor of 3 or more difference in daily incident solar energy exists
between the minimum (270 heading) and maximum {90° heading) values. The dip in
solar heating received by the vertical element when sclar insolation is a maximum
{June 21) is due to the relatively large angle between the perpendicular of the
element and the line-of-sight to the sun. Contrast temperature calculations given
later will show that solar heating differences are important to daytime contrast
temperatures. However, the bulk of the contrast temperature calculations of this
report are for the heading producing maximum solar heating {90°).

Temprral Division of Data

The variation of incident solar heating with time of the year suggests
breaking the year into seasons. Thrce seasons were defined. These are: (1) a
winter season, January, February, November and December having minimum solar
heating; {2) a spring-fall season, March, April, September and October having
intermediate solar heating; and (3) a summer season, May, June, July and August
having maximum solar heating. Solar heating is seen to decrease in Figure 6 over
the summer month for the due east heading due to a loss in angular efficiency caused
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Figure 6. Incident Solar Energy on a Vertical Element for Various Ship

Headings at Longitude 52°N
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by high solar altitude angles. But, even here there is a characteristic dif-
ference between the summer and spring-fall seasons even though their total solar
heating is about the same. That is, the spring-fall season has higher mid-day
heating due to the better angular alignment between the sun and the vertical
element. It will be shown that this will result in significantiy higher daytime
contrast temperatures.

Ship contrast and its component temperatures were computed using data gathered
by Weather Ship J during the years 1964-71. These wil) initially be presented and
discussed for the due east ship heading and for the 3 seasons defined above.
Subsequentialiy, representative results will be given for the due south and due
west headings shown in Figure 6. For the due east heading, tables of the standard
probabilities will be given for each temperature, each season, and each of the 8
years. A representative average value of the 8 years will be plotted for each
season and for each temperature.

Effective Ship Temperature Definition

The effective ship temperature is defined to be a thermodynamic measure of the
ship target surface radiance. It is the temperature of a blackbody [equation (3))
that radiates the same amount of energy in the 8-12,.m region as that calculated by
surming the radiation emitted and reflected from components of the ship's structure.
The reflected component is from surrounding air at its sea level temperature. This
effective ship temperature was given by equation (38) in terms of the actual ship
temperature, T, and the apparent background air temperature, Ta. The actual ship
temperature is calculated by the Single Element Method developed in Section III.
Calculated effected ship temperatures are given in Table 3 for the years 1964-71
and the 3 seasons. Table 3 lists the standard probabilities. For example, a
temperature of 25°C at a probability of 0.9C means that 90 percent of all calculated
temperatures are 25 C or lower. Representative effective ship temperatures are
given in Table 3 and are shown in Figure 7.

In this and in future graphs and tables, representative values are defined to
be the average of the highest and the lowest values of 8 yearly temperatures given
fn the tables. Figure 7 indicates that the effective ship temperatures are
generally highest in the summer and lowest in the winter as might be expected.
However a closer examination of Table 3 shows that some spring-fall temperatures
are highor than their cerresponding summer values. This occurs at higher ship
temperatures which correspond to mid-day hours where spring-fall solar heating
rates are the larger. Also, the fact that more spring-fall temperatures are not
noticeably higher is explained by an analysis of the weather data which shows that
wind speeds are about 15 percent lower in the summer than in the spring~fall. High
wind speeds are especiaily effective in reducing the high ship temperatures.
Background Temperatures

The background temperature was defined to be a thermodyramic measure of the
sea surface radiance. The use of the sea surface radiarce as the background is a
consequence of the receiver-target geometry chosen for this study, i.e., a ship at
or near the horizon. This background was defined in equation {40) as int-insically
derivable from a mixture of sky and sea radiances. The weather data show that sea
temperature is always within a few degrees centigrade of 10°C. But sky temperature
which depends on cloud conditions in addition to air temperature varies widely
daily and will also depend on season of the year. Sky temperature calculation is
handicapped by the availability of enly two model atmospheres, one for summer and
one for winter. This causes a discontinuity in the clear sky component whan going
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from one model to the other. That is, the ilidlatitude Winter Model predicts about
-40 C° and the Midlatitude Summer about -20°C for the clear sky component of tempera-
ture. Fortunately, it was found that sky temperatures in this report are largely
governed by its cloudy sky component because of the perponderance of cloudy skies
encountered. That is, an analysis of the weather data showed that median cloud
covers are 90 percent or more for each season. Cloudy sky radiances and hence
temperatures are only slightly influenced by choice of model atmosphere because

sea level temperatures are taken from the weather data and air temperatures supplied
by the model are used for low altitudes only (median cloud heights less than 1 km}.
These low altitude air temperatures do not vary much with season. Probabilities

of sky temperatures calculated using the Weather Ship J data are given in Table 4
for the years 1964-71 and the 3 seasons. Representative values of sky temperature
are aiso shown in Figure 8 for each season.
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Fiqure 8. Probability of Observing Reflected Sky Temperature
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winter the coldest as was expected. Most of the variation of sky temperature with
season 1s due tc differences in air temperature near sea level because of the low
clouds. This difference is only about 5°C between winter and summer seasons. How-
ever, the lower sky temperatures show the influence of some relatively clear skies
and here there is a much larger difference between winter and summer sky temperature,
The spring-fall season contains two months in each model atmosphere hence it has
intermediate sky temperatures in the low temperature region which is influenced by
the choice of model atmosphere.

Table 4 and Figure 8 show that surmer sky temperatures are the warmest and g{
:

b o

e Bl KRS

N i

Background temperatures are cowputed by adding the sea temperature component
to the sky temperature. These were calculated for a representative year (1966) and 5
the cumulative statistics are shown in Fiqure 9 for the 3 seasons. Batkground ’
temperatures are not given in the tables because their calculation was not printed
in the ASIRCT computer program output when the 8 years of weather data were run.
The background temperature consists of approximately 1 part sky temperature and 3
parts sea temperature for viewing one ship from another. Hence, the background
temperatures have less variability than the sky temperature because sea temperatures
vary littie with seasen. The fact that sea temperatures are warmer in Summer con-
tributes to the larger summer background temperatures.
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Ship Signatures - Contrast Temperatures

The ship contrast temperature was defined to be simply the effective ship
temperature minus the background temperature [see equation (39)7. A zero contrast
temperature is associated with zero radiance difference between the ship structure
and the combined air-sea background. Contrast temperatures were computed by the
ASIRT computer program for daytime, nighttime and total time of operation.

Daytime Contrast Temperatures %

Daytime contrast temperatures were computed for all daylight hours and for the
mid-day hours between 10 a.m. and 3 p.m. Cumulative probabilities of daytime con-
trast temperatures are given in Table 5 for the years 1964-71 and for the three
seasons. Representative values of daytime contrast temperature which appear in
Table 5 are also plotted in Figure 10 for each season.

1.0 0~

ALY T

08

b R

ek i)

N

SUMMER

Seabitacsiidess

- s o e ome e WINTER

AT

S b TR

PROBABILITY OF CONTRAST TEMPERATURE OR LESS
=]
y -]
\

L I 1 { i i
4.0 8.0 12.0 16.0 20.0 24.0

CONTRAST TEMPERATURE, °C

PR

0.0

b

SO

Figure 10. Probability of Observing Daytime Contrast Temperatures
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Figure 10 and Table 5 show that statistically the differences between winter
and summer daytime contrast temperatures are not large if the contrast tempera-
tures are less than about 10°C. This closeness can be explained by comparing the
ship temperatures plotted in Figure 9. There, it is seen that the difference
between surmer and winter temperatures is ibout the same (within 0.5°C) for 80% of
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the time. Thus, the near agrcemani of sumaer and winter contrast temperatures fis
largely a fortuitous combination cf <h:ip; and background temperatures. It will be

shown that the agreement in contrast temperature is caused by similar early morning ;
and later afternoon values where solar heating effects are minimized due to the un- 3
favorable angular position of the sun. The spring-fall daytime contrast tempera- P

tures are significantly larger than the other seasons due to the relatively larger
ship temperatures and relatively low background temperatures. That is, the soiar
heating is maximized as a consequence of favorable solar altitude angles while the .
background radiance and therefore the effective background temperature is reduced 3
by the smaller probability of cloud cover. High spring-fall and summer contrast
temperatures are evident in the mid-day calcutations. These are given in Tables
6-11 for the hours 10 a.m. to 3 p.m., the years 1964-71 and the 3 seasons. Repre-
sentative average values are given in each table and these are plotted in Figure 11
for the maximum daytime contrast temperatures and the 3 seasons. The maximum
temperatures are found to occur at 1 p.m.
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g Figure 11 and Tables 6-11 show that the mid-day contrast temperatures are the g
¥ highest in the spring-fall seasoi due primarily to the more favorable solar alti- ;
¥ tude angles. However, this data also shows th. the mid-day summer contrast 3
£ temperatures are significantly higher than the corresponding winter values. These
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winter and summer overall daytime contrasts. Hence, it can be concluded that it is
the early morning and later afternoon contrast temperatures which are similar in
winter and summer  The mid-day contrast temperatures are the highest temperatures
occuring in Figure 10 and these are seen to be higher in summer. Mid-day contrasts
are significantly larger in summer than winter due to the relatively larger ship
temperatures. These can be seen in Figure 7 which shows that the difference

between suymmer and winter ship temperatures increases dramatically for probabilities

greater than 0.8.
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Highttime Contrast Temperatures

Cumulative probability of contrast temperature for nighttime operation are
given in Table 12 for the years 1964-71 and the 3 seasons. Representative values
of nighttime contrast temperatures appear in Table 12 and are also plotted in Fiqure

12 for the 3 seasons.
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Figure 12. Probability of Observing Nightt.me Contrast Temperatures
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Figure 12 shows that nighttime contrast temperatures are about a factor of 2
Tower than daytime values and have less variability between seasons. These facts
show the importance of solar hvating in enhancing daytime FLIR performance. It may
: be surprising that sumer nighttime contrasts are generally the lowest. Tais be-
; havior is due to the relatively high summer background temperatures without off-

; setting high ship temperatures.
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SUMMER (MAY, JUNE, JULY, AUG.)
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PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP
95 1728 1599 194% 1791 1838 17.27 1938 1898 17.74
.90 1497 1430 1623 1513 1554 1454 15671 1648 1627
B0 1274 1290 13.6% 1342 1336 1282 13.:8 1392 1337
.10 1298 1232 1271 1272 1261 1192 1233 1301 1247
.80 1244 11,74 1202 1224 1200 1119 1158 1241 1182
50 1191 1118 1151 1173 1148 1054 1093 1182 123
40 1143 1066 1101 1119 1096 990 1036 1127 10562
.30 10.92 10.17 1045 1062 1046 8.17 9.76 1064 1005
.20 10.14 9.66 986 10.04 9.93 8.36 9.1  9.3% 9.25
10 9.50 8.97 9.04 9.22 8.87 .30 830 884 841

WINTER (JAN., FEB., NOV. DEC.}

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP
95 28.15 3054 2835 2587 28.08B 26.92 2486 244 2770
.90 2281 2482 2268 2121 2224 2245 2062 23.06 2267
.80 1788 18.26 1764 1645 1702 17617 1693 17.84 1736
70 16.18 1570 1566 1492 1505 1552 1840 1670 1581
.60 1485 1472 1462 13.73 1442 1448 1443 1562 1468

50 1382 1395 1360 1289 1372 1369 1358 1461 1375

A0 1274 13.10 1268 1228 1278 1295 12.60 1345 1287
30 1176 1215 1187 1165 1176 12,02 1168 1228 12.00
20 1095 1134 1135 1102 1066 1134 1079 1136 1101
10 9.95 10.2% 1032 9.69 932 1047 9.76  10.28 9.90

SPRING-FALL (MAR, APR., SEPT., OCT)

PROB 1964 1965 1966 1967 1968 1963 1970 1971  REP
R: 26.63 2838 2882 2709 2841 26.09 2570 2668 27.26
.90 2256 2353 2333 2268 2347 2254 2177 2267 2285
.80 18.12 1949 1887 1841 1928 1785 1783 1875 18.66
70 16817 1738 1707 1655 1746 1586 16517 1711 18.62
€0 1588 16.13 1582 1553 1549 1513 1550 1598 16581
50 1530 1555 1514 14387 1651 1456 1472 15637 1506
A0 1467 1506 1441 1434 1444 1401 1402 1466 14564
.30 1395 1434 136% 13.74 1348 1342 1334 1377 1364
.20 1287 13563 1270 13.02 1265 1274 7258 1278 1208
10 1158 1258 11€2 1131 3L77  1L.71 1184 1177 1196
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v ¢xta exhibit large amounts of cloud ¢ er which effects both the daytime ship
temperatures and all background temper: ures. Hence, these contrast temneratures
mey show more variation with season in a more cloud-free location.

It was previously stated that target ship heading controls the contrast
temperature of a ship target because its sdlar heating depends on its heading.
Further, Figure & defined 3 basic headings depending on whether the vertical el. —ent
receives direct solar heat all, one-half or none of the time, The ASIRCT computer
program was run for the 3 basic headings and a representative year (1966). It was
found that the daytime contrast temperatures are very sensitive to heading due to
the great differences in incident solar heating as shown in Figure 6. These are
shown in Figure 14 for the 3 seasons. Figure 14 shows that there is about a factor
of 2 difference in daytime contrast temperature between a due east (90°) and a due
west {270-) heading for the starbcard vertical element. Also, the coincidence of
some winter and summer daytime contrast temperature observed in Figure 10 for the
due east heading is not present ir ihe remaining headings. Daytime contrast tem-
peratures for the due scuth and due west headings show spring-fall values are the
largest in agreement with the results found for the due east heading. This result
remains true due tc the relatively lower background temperatures calculated in the
spring-fall season {see Fiqure 9). The maximum {1 p.m.)} contrast temperatures show
an even greater dependence on heading than the overall daytime contrasts. Here,
tne due south heading has maximum contrast temperatures which are about 40% of the
due east heading when probabilities of observing contrast temperatures or less are
compared. This drops to about 30% for comparing due west to the due east heading.
The night contrast temperatures are nearly the same for the various headings
although the due east contrasts are stightly higher (e.q., 0.25-0.50 C) duve to the
Tasting effect of solar heating. An interesting observation is that the daytime
contrast temperatu-es for the due west heading are nearly equal to the nighttime
contrast temperatures seen in Figure 12 and Tahle 12. Thus, the relatively low,
totally diffuse so'ar energy received in this heading and at tais location is almost
totally ineffective in building daytime contrast temperatures.

Signatures with Air Backgrounds

The previously given contrast tenperatures calculations assume that the back-
grourd of the target ship consist of radiant emission from the sea and reflected
radiance from the sky and off of the sea surface wave slopes. In this background
r~del, the target must be s’ ightly before the horizon so that no radiance from an
air path along the iine-of-sight to the target but behind it appears in the back-
qround. If part of the ship is above the horizon, radiance from this air path will
contribute to tre background. Contrast temperatures were calculated for backgrounds
consisting of sea level air temperature only. This is the Timiting case where the
target ship is at or slightly over horizon and no sea emission or sky reflection
reaches the infrared detector. In the general case of 3 ship near the horizon, the
background radiance will be generally less than the ail &ir emission but greater
than the all sea emission plus sky reflection case. This is due to the fact that
the apparent temperature of the sky is sometimes quite cold {see Figure ) and is
always less than the sea level air temperature.

Contrast temperatures for backgrounds consisting of sea level air are given in
Figure 15. Figure 15 presents the night, day and total contrast temperature for
each of the three seasons and weather data taken by Ship J in 1966. This figure
shows much smaller ship contrast temperatures in comparison with those having a sea
surface background {see Figures 10-13). MNight contrast temperatures are especially
reduced and do not vary significantly with season. MNighttime contrasts are low
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Total Contrast Temperature

The daytime and nighttime contrast temperatures were combined to yield total
contrast temperatures based on 24 hours a day operation. These are given in Table
13 for the years 1964-71 and the 3 seasons. Representative average values farom
Tabie 13 are shown in Figure 12 for the 3 seasons.
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Fiqure 13. Prohability of Observing Total Contrast Temperatures

Figure and Table 13 show that the total contrast temperatures do not vary
significantly with season. This is understandable from the previous results where
it was shown that only the mid-day contrast temperatures show large seaonsal dif-
ferences due primarily to differences in received solar heating. Since the mid-
day hours occur only 257 of each day, their effect is largely lost in the cumulative
distributions of Figure 13. However, it should be remembered that the Weather Ship
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because they are governed by the difference between ambient air and background
temperatures. That is, the ship temperatures increase due to internal sources
generally contribute only slightly to night contrast temperatures (see Appendix A).
However, in the present case of air backgrounds, internal scurces are a major
contributor to night contrast temperature. Day contrasts are somewhat reduced for
the air background but spring-fall values are the highest as they were for a sea
surace background (see Figure 10). This also occurs because spring-fall ship
temperature are about the same as those of summer (see Yable 3) but background
temperatures are lower due to the colder season. The total contrast temperatures

of Figure 15 show lower winter values due to the much lower winter ship temperatures.

This behavior did not occur with sea surtace backgrounds because these have
retatively lower background temperatures than the present case {see Fiqure 9).

Sjgg}g Element Method

The results of contrast temperature calculations presented in Figures 7-13 and
Tables 3-13 were based on the Patrel Frigate Model discussed in Appendix A. This
model treats the ship as a single vertical element and applies three correction
factors. These corrections account for: (1) variations in ship internal tempera-
tures; (2) variations in thermal capacities of ship construction; and (3} the
presence of one or more exhaust stacks. It was shown in Appendix A that the
individual correction factors are likely to be small for & ship having a cooled
stack. The implication of the correction factors being small is that the features
calculated using the Patrol Frigate Model would approximately apply to any similarly
constructed ship. To judge the influence of ship model on contrast temperature,
the 3 correction factors used in the Single £lement Method were surmed and
statistically analyzed. That is, the probability of occurrence of the sum was
computed for each of the seasons in the 1964-71 time period. These were found to
be remarkably similar for each secason and for each year. The 1966 spring-fall
season was ~hosen as representative and the sum of the correction factors is
plotted in Fiqure 16 for this season.

Figure 16 shows that the total temperature correction factor is rarely above
1.0°C and has a median value of almost 9.5 C. An examination of the ship tempera-
tures given in Table 3 for 8 years of weather data shows that the variation in ship
temperature between years is cormonly greater than 1.0°C. Furthermore, the tem-
perature additions shown in Figure 15 are small compared to the total temperature
rises above ambient (8-10°C) shown in Table 3. Hence, it fs concluded that the
choice of ship model is not critical and that the results predicted herein apply
to all similariy constructed ships. However, note that thase results use a cooled
stack and this conclusion would not hold for a model containing a hot stack.

The work of this report {s directed towards finding the target contrast sig-
nature that exists at the ship target. This ship target signature is useful in
system studies which define system performance from a target contrast temperature
such as those performed for the SEAFIRL Program. However, for many vther purposes
the signal power definition of ship signature is needed. The signal power is
defined in equation {1) and this yields the radiant power received which is useful
in providing a signal to an infrared system. A consideratfon of the apparent
signal requires that the attentuation of radiance and the emission over air path
between the detector and the target be known. Attenuation due to the response of
the detector must atso be known. Both of these are outside the scope of the present
work, However, it is possible to relate the contrast temperature of this work to
the radiant contrast which exists at the target. Target radiant contrast is simply
the difference between target surface radiance and background radiance integrated
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TABLE 4 SKY TEMPERATURE FOR SHIP J(1964.71)

PROB 1964 1965 1966 1967 1968 1969 1970 1877 REP
95 10.76 1006 1023 1055 1090 948 1056 1081 10.16
.90 948 8.83 $13 9.82 9.98 8.18 9.43 9.78 9.03
.80 8.39 1.22 1.62 7.99 7.61 5.97 6.89 8.33 .8
70 1.02 578 6.06 6.38 5.35 4.03 4.65 6.64 5.53
.60 5.52 3.80 458 4 60 3.35 1.9 2.76 5.00 wn
50 3.63 211 280 2.37 1.39 - 07 81 2.90 1.78
40 117 - 93 70 07 -~ 158 -~ 311 -230 49 -1.00
30 -426 ~69% - 319 ~468 --715 ~-773 ~867 -~3.09 -6588
200 ~1271 -1329 - 991 -1162 -1467 1439 1552 - 892 -12.22
10 2283 --2296 -1826 -20.72 ~2366 -2271 -2840 -18.34 -23.33
WINTER (JAN,, FEB NOV_ DEC)

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP
.95 1344 1214 1175 NBO 1170 1264 1289 1444 1310
.90 1188 1083 1038 1042 1049 1173 1155 1352 1195
80 9.46 9.55 8.87 867 8.62 9.64 9.68 10.48 9.65
70 769 795 750 6.97 6.78 8.25 1.62 8.37 7.68
60 592 6.04 5 84 544 4.93 6.41 577 6.17 5.67
50 3.37 364 392 376 3.06 412 3.26 3.62 3.59
40 47 153 101 173 79 109 43 1.04 1.08
30 ~355 ~275 -28% - 15 -~ 285 -353 - 349 - 252 - 256
.20 ~987 ~785 - B4B - 657 - 682 - 946 -995 - 769 - 826
A0 1785 1441 1550 -1522 -1503 -~18.78 -17.44 1458 -16.60

SPRING FALL (MAR APR  SEPT ,OCT }

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP
95 1364 1215 1340 1331 1320 1300 1421 1416 1361
90 1285 1238 1266 1247 1166 1247 1286 13.13 1240
80 1167 1108 1157 1098 1067 1126 1156 1139 1082
.70 1018 958 1017 954 8.65 967 1033 1005 9.49
.60 905 8 01 889 7 96 7.33 788 9.31 8.95 8.32
50 779 6.52 758 676 5.96 6.46 8.14 7.37 1.05
40 633 4.66 615 525 439 4.64 6 87 5.52 6.63
.30 418 1.66 387 344 1.23 2.07 §.27 2.88 3.26
20 ~ 156 ~-240 ~-129 -~ 76 -302 - 338 243 -~ 74 - 48
10 ~ 784 -772 --78 -~671 -807 ~-878 -470 -6.09 -6.74

SUMMER (MAY_JUNE, JULY AUG.}
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TABLE 5 DAY CONTRAST TEMPERATURE FOR SHIP J{1964.71)

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP

95 1687 1352 1878 1756 1923 1848 1871 1851 16.16
90 1245 1041 1424 1366 1531 13.15 1446 1301 1286

80 834 7.69 10.04 9.18 1076 854 1055 9809 9.12
.70 6.29 589 7.58 1.27 7.84 6.23 8.01 686 6.9
.60 497 492 586 587 6.10 494 682 538 5561
.50 KX-2) 3639 430 444 4.75 38 4.54 3.94 4.22
40 2.86 289 3.03 344 347 293 336 290 318
30 207 2.10 217 2.67 2.26 1.98 2.41 219 233
.20 1.36 1.33 1.50 1.9% 1.41 1.06 145 1.32 1.61
10 57 39 .39 1.01 33 .01 .28 31 52

WINTER {JAN,, FEB., NOV. DEC))

PROB 1964 1965 1966 1967 1968 1969 1970 19N REP
%% 2685 2795 2582 2441 2483 2494 2262 2579 2629
.90 2060 2232 2057 1794 20.03 19.78 17.24 2044 19.78
.80 14.04 15917 1400 1246 1343 1404 1177 1397 14.19
.70 10.44 1153 1018 $.53 951 1051 918 1030 1036

.60 773 8.57 .9 ™mTm 6.87 8.17 71.30 7.55 1.72
50 5.74 6.21 5.83 516 512 6.35 5.34 560 5.74
40 3.88 442 429 3.64 3.80 4.69 3.96 4.03 417
30 2.7 .07 3.04 260 272 3.39 2.89 300 3.00
.20 1.81 1.99 185 1.90 1.81 2,38 1.78 2.12 1.98
10 95 .99 73 91 85 1.20 .56 .3 .88

SPRING FALL {(MAR., APR_ SEPT,, OCT.)

fERs b T o e

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP

.95 1<9’.67 2i.90 2278 2075 2086 1986 1741 1891 20.10
.90 1461 1684 1651 1538 1586 1541 1316 1462 16.00

Noadx ik

.80 986 11.04 1051 1034 1072 100L 87N 952 9.72
70 729 8.8 741 7.87 816 788 6.06 714 7.2
.60 544 630 539 6574 635 689 443 bH47 587
50 4.0 482 404 420 4N 433 337 403 4.10
40 .22 366 3.14 312 358 328 270 316 3.8
.30 2.53 2714 2.4 238 2.67 246 21 242 243
.20 1.94 205 1.79 1.81 1.96 1.93 1.54 1.72 189
10 1.32 1.33 1.12 1.97 1.26 1.19 .73 86 103

SUMMER (MAY, JUNE JULY, AUG.}
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TABLE 6 10 AM.CONTRAST TEMPERATURE FOR SHIP 5(1964.71}

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP
95 11.48 966 1125 1375 14.83 1220 14.10 1330 12.2%

e e e e A e ez

90 939 833 919 1100 1243 7.60 1512 1010 10.73
B0 740 577 6.9 750 830 585 860 645 7.19
.70 508 459 54 550 549 5.01 6.13 6.66 5.36
.60 406 370 460 460 468 3.92 4.31 4.7 4.15
.50 3.35 17 370 376  4.16 3.25 346 3.64 n :
40 3.04 2.25 248 3.33 338 2.74 2.73 272 282 ‘
.30 253 1.27 2.0 2.60 2.36 2.13 2.16 2.16 1.94 ‘
.20 1.81 .54 1.07 2.00 1.49 1.22 1.54 1.32 1.27
10 81 -~ 06 10 60 87 .36 493 .45 .36

WINTER (CAN., FEB., NOV , DEC.}

PROB 1964 1965 1966 1967 1968 1969 1970 1871 REP
.95 2085 2635 2055 2181 1935 2141 1490 1875 20.13
90 16.70 1790 18,10 1490 1480 1808 1320 1626 15.65
.80 11.60 1340 1280 11133 1190 1455 1095 1350 1275

70 903 1135 1040 952 870 1033 9.22 968 10.03
.60 6.98 8.6¢ 8.98 8.20 6.87 8.30 6.43 8.30 mn
.50 6.05 6.96 7.80 6.38 5.88 6.95 6.29 6.45 6.56
A0 4.24 5.57 6.39 528 476 5.43 4.34 5.38 5.3t
30 3.39 3.52 540 3.38 3.66 4.54 337 3.90 4.39
.20 1.64 1.82 332 1.92 244 228 1.92 2,15 248
10 1.03 1.02 1.68 73 126 1.19 .96 1.30 1.21

SPRING FALL (MAR., APR , SEPT ,OCT.)

PROB 1964 1965 1966 1967 1968 1969 1970 1971 QEP
95 1880 1845 2160 1640 1976 17.7; 1445 1650 18.03
.90 1460 1653 1680 1440 1809 1664 1098 13.00 1454
.80 1164 1220 1220 1092 1280 1295 813 1000 10.17

.70 9.20 9.97 1.80 868 9.77 10.8 6.62 8.60 8.90
.60 6.85 793 655 687 8.63 8.10 5.33 6.83 6.72
.50 540 667 480 575 600 654 4.40 5.90 5.64
A0 446 5.45 3.66 417 436 554 368 508 4.60
.30 3.42 422 2.8 2.92 3.34 3.84 282 407 362
.20 216 2.74 1.98 2.19 244 242 1.95 235 235
10 1.49 1.37 1.23 1.41 1.36 1.56 2 1.20 1.38

SUMMER (MAY, JUNE, JULY, AUG.) |
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TABLE 7 11 AM. CONTRAST TEMPERATURE FOR SHIP J(1964.71)

PROB 1964 1965 1965 1867 1968 1969 1970 1971 REP
96 1740 1195 1540 1565 17.63 1394 1996 17.758 1596
.90 13.90 845 1296 1230 1397 1090 16.15 1250 1230 ﬂ
80 940 663 1.2 8.87 104/ 8.7 1180 9.13 9.22 4
0 6.85 5.48 8.93 747 8.67 6.44 8.15 8.25 7.21 4
.60 5.28 4.95 762 6.07 7.10 5.58 6.53 663 6.29 ?
50 4.20 410 6.58 5.13 5.92 4,56 5.19 4.67 5.34
40 318 3.24 4.52 392 463 3.67 3.98 3.13 383
3o 2.06 2.29 2.46 2.68 3.06 2.45 2.82 2.25 2.56
.20 .28 1.62 1.87 2.04 .M 1.27 1.34 1.16 1.60
.10 .52 .22 48 1.24 42 30 - .35 .30 45

WINTER (JAN,, FEB, NOV , DEC.)

PROB 1964 1965 1966 1967 1968 1969 1970 1877 REP
95 33.75 27.60 2630 26.25 2865 2665 26.10 25.98 29.87
.30 2650 24.00 2220 1850 2255 2273 2208 2340 2250
.80 18.75 21.00 16.08 1433 18.10 1680 17.03 1620 17.67 g
70 1400 17,20 1280 1200 1583 1230 1360 1293 14.60 P
60 1240 1450 1087 1025 1180 10.2¢ 9.20 1093 12.20 3
.50 1020 1125 9.25 8.33 9.92 6.65 8.70 9.75 9.79 z
4c 8.50 8.88 6 90 5.17 765 6.3 6.97 8.15 7.03
.30 575 5.50 510 275 595 448 4.81 5306 435 3
.20 260 2.20 2.28 1.80 3.32 3.08 3.48 3.91 2.86
10 1.30 133 142 .8v 1.53 1.47 1.24 1.64 1.22

SPRING.-FALL (MAR., APR., SEPT_ OCT.)

PROB 1964 1965 1966 1367 1968 1969 1970 1971 REP ;
R: 2333 2595 2685 2048 2265 2250 1713 2038 2199 ;
90 1755 2292 2228 17.07 19.70 1950 1550 1847 19.21
.80 1255 16.27 177G 1355 1463 1657 1175 1473 1473 ;
.70 1033 1393 1303 1135 1204 13.00 975 11.06 1184 %
60 807 1195 1045 9.64 8.70 950 7.42 8.40 9.69
50 658 917 8.58 7.80 7.10 150 6.25 7.44 n ;
.40 536 7140 6.65 6.60 6.28 6.50 5.00 5.83 6.20 F:
.30 4.1¢6 5.60 498 4.68 4.96 3.30 333 387 4456 p
.20 279  3.46 3.24 2.36 264 2.20 2.04 2.5§ 2.75
.10 1.79 1.85 1.49 188 1.66 1.50 .75 1.09 1.32 g
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TABLE 8 NOON CONTRAST TEMPERATURE FOR SHIP J(1964.71)

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP
95 18.00 1562 1901 1890 2333 1670 23.03 2655 21.09
.90 1360 1285 1690 14380 1810 1380 1935 1940 16.13
.80 11.00 907 1368 1140 1344 1093 14.20 1295 1164

.70 8.20 789 11.03 9.13 1204 860 1162 1073 9.97

.60 6.38 648 8.73 7.43 1020 713 8.63 7.20 8.29

.50 5.2% 539 7.19 6.30 744 5.67 6.7 6756 6.35 2
40 4 60 452 5.90 5.22 583 4.68 4.86 4.12 5.01 3
.30 3.20 326 3.98 3.32 4.54 3.85 3.95 3.24 3.87 3
.20 190 231 212 248 216 2.26 1.84 215 2.16 3
.10 90 82 86 162 79 .36 33 .57 .98 f

REX

WINTER (JAN , FEB., NOV  DEC.;

N SRR e

PROB 1964 1965 1966 1967 1968 1969 1970 1871 REP

.95 39.75 3446 3325 2895 3487 3375 3217 2945 3436
90 3283 3058 2796 2385 2860 2550 23.76 2543 2820
.80 19.70 2265 2210 1752 2172 2100 1520 2080 1893
.70 16.78 1916 1760 1457 1760 1717 13.20 1493 16.18

et nd

>
60 1270 1670 1247 1132 1270 1350 1068 1290 13.19 3
.50 913 1208 1050 9.25 933 1113 9.17 1050 1063
.40 1.22 794 8.90 670 7 60 9.25 8.05 8.57 7.80 3
30 456 548 580 4 06 463 769 6 05 6.0 5.88 7
}‘ 20 238 352 i 2.42 276 460 2.56 3.52 3.658 :
2 .10 1.46 123 162 91 94 320 94 1.9 2.06
é‘ SPRING.FALL (MAR APR  SEPT , QCT)
4
g PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP :
E’ 95 2753 2943 3213 2850 2915 26.20 2036 2545 26.25 b
b2

.90 2081 2735 2805 23.25 2640 2303 1860 2168 23.33
.80 1740 2031 1860 1838 3894 1754 1524 1876 17.78

70 1285 607 1360 1367 1447 1460 1176 1490 13.92
.60 10.70 1254 996 1100 1148 1180 8.85 1143 1070
.50 8.63 9.92 8.60 825 8.80 9.00 6.50 8.88 8.21 ;
.40 6.65 853 5.70 1.25 743 1.23 4.84 1.23 6.69 3
.30 3.78 6 36 444 5 50 6 80 6.45 3.04 3.92 4.70
.20 2.68 4.0 264 3.00 332 2.72 2.12 288 3.07 ,
.10 1.83 175 1.66 1.65 1.84 1.37 54 1.51 1.26 5

SUMMER (MAY, JUNE, JULY, AUG.)
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TABLE @ 1P M. CONTRAST TEMPERATURE FOR SHIP J(1964.71)

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP
95 2229 1840 2480 2168 2438 2420 2048 2560 22.00

90 1830 1427 1954 1727 2200 19.05 19769 2120 18.14 :‘
.80 190.80 980 1460 11.70 1667 1345 1420 1210 13.24 g
.70 8.29 864 1163 943 1200 1070 1060 1040 10.15 3
.60 6.80 7.53 9.55 7.83 9.25 8.15 8.37 7.48 8.18 g
.50 5.66 5.60 763 € 81 6.92 6.00 6.33 5.88 6.62 :
40 4.16 4.36 5.77 573 6.10 454 §.22 4.28 4.97 .
.30 2.82 3.21 344 3.34 4.73 3.22 422 288 3.78 A
.20 1.84 222 2.38 < 68 290 213 2.49 216 2.26

10 .57 .84 134 162 90 12 .88 .38 1.00

WINTER (JAN  FEB,, NOV ,DEC))

PROB 1964 1965 1966 1967 1968 1969 1870 1971  REP
9% 3881 3600 3525 3194 3303 3605 34.00 3606 3538
.90 3263 3117 2955 2526 3050 30.13 2295 29.78 27.79
.80 23.66 2588 2340 1937 2235 2220 1720 2417 2144 g
70 18.78 2066 16.80 1510 1685 1733 1256 19.10 16.61 :
.60 1580 1732 1293 12717 1187 1491 1068 1480 14.00
.50 10.88 1380 1133 11.v7 892 1312 925 1226 1183

#
A0 843 1085 8 80 777 6.20 10,156 864 1020 8.53 ;
.30 593 713 680 3.68 353 8.43 6.70 748 5.98 ¥
.20 258 464 4.28 2.28 2.12 4.57 4.56 4.12 3.38 ¥
10 133 246 112 106 127 278 1.48 2.22 1.92

SPRING FALL (MAR., APR  SEPT,, OCT.)

AR IE VI L)

28

PROB 1964 1365 1966 1967 1968 1969 1970 1971 REP »
.85 2610 3200 3278 2931 28.05 2888 2366 2660 2821 K

90 2034 2445 2870 2603 25.16 2680 2061 20.7¢ 2452 %
.80 1707 1995 20.10 2172 1920 1950 1613 18,12 18.04 ;
70 13.13 16.70 1464 1755 1470 1450 1258 1420 16.07 ;
60 13.31 1347 1120 1227 1198 1222 1020 1193 1184
50 900 9.70 890 1030 9.7 9.80 158 9.25 8.94 ;
.40 7.45 7.65 7.23 8.62 1.90 7.25 5,58 7.87 7.10 c
3o 484 5.20 5.47 5.11 6.24 380 4,34 5.36 5.02 ;
.20 2.74 3.38 4.02 386 3.32 2.72 3.08 335 3.38 ;
; 10 1.97 1.83 2.38 1.86 2.06 2.07 1.38 1.38 1.88

SUMMER (MAY JUNE, JULY, AUG))
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% TABLE 12 2P.M. CONTRAST TEMPERATURE FOR SHIP J(1964.71}

PROB 1964 1965 1966 1967 1968 1969 1970 1671
.95 2180 1850 2273 2205 2300 2430 1935 2487 2169
.90 1660 1375 17.15 1866 1875 1905 1635 1435 16.66
.80 1110 1050 1252 1340 1450 1380 1093 11.27 1250

.70 7.98 7.715 032 958 12.00 9.55 95.68 8.93 9.88
.60 6.44 6.30 853 .8 850 6.77 .70 1.56 742
.50 5.00 5N 6.08 6.94 6.75 5.50 6.21 5.75 5.97
AQ 3.75 4.00 4.04 497 6.00 438 5.03 1.96 488
30 2.36 310 247 397 407 3.18 3.65 273 3.27
.20 1.52 230 2.01 2.56 1.80 1.44 232 1.95 2.00
10 44 160 1.27 158 .45 44 .66 A7 1.02

WINTER {(JAN. FEB NOV, DEC)

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP
.85 3038 3606 3183 3900 2830 3600 3163 3450 3215
.90 2718 3142 2837 2865 2573 2740 2445 30.00 2794
.80 1998 2544 2313 2120 2070 2090 iR30 2250 2187
70 1645 2137 1987 1487 1653 1590 1398 1843 1768 3
60 1355 1580 1660 1331 1280 1440 1080 1540 13.70
50 1108 1275 1300 1080 783 1200 9.54 1167 1042

870 30 abia i s 12 o

40 173 a70 W00 8.20 610 973 7.85 7.26 8.ne
30 4.02 748 6.35 523 348 1.35 6.76 5.88 648
.20 254 444 332 264 196 4 68 412 3.40 132
10 119 187 138 186 63 196 2.27 1.80 1.45

~—

SPRING-FALL (MAR., APR . SEPT OCT.

PO T e A

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP

9 2445 2900 3169 2730 2861 2725 27.20 2573 207
.90 Z180 2475 261t0 2385 2538 2250 2310 2160 2385

4.

.80 1747 1950 19380 18392 1954 16380 1745 1564 1778 ;
.10 13.70 1600 1453 1580 1626 1413 13.60 1347 1474 i
60 1047 1343 1096 1134 1230 1150 1060 1110 1195

50 7 9.25 8.38 288 1036 9.35 9.13 9.50 8.77

20 481 8.00 5.10 7.30 8.47 7.63 6.60 7.93 6.64

30 347 592 435 444 715 453 438 6.10 £.31

.20 2N 473 3.08 316 5.57 2.50 3.04 354 3.84 P
10 1.82 1.80 233 1.87 2.54 145 212 1.63 2.00 3

e St
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TABLE 11 3 P.M. CONTRASY TEMPERATURE FOR SHIP J{1964-71)

PROB 1964 1965 1966 1967 1968 1969 1870 1971 _ REP
95 1740 1366 2580 17.50 1885 1875 2123 17.26 19.72
90 1340 1215 19.20 1476 16.28 13.76 1465 1400 1588
80 920 845 1190 1000 1073 10.00 11.16 942 1018
.10 648 7.15 9.03 760 805 795 9819 860 784
60 563 520 593 600 623 650 705 633 613
.50 500 4.5 5.00 487 504 440 480 564 496
.40 383 305 359 360 396 3.00 424 420 3.62
.30 1.97 217 276 290 238 203 30 270 249
20 1.33 152 202 217 1.48 87 1.54 1.70 1.52
[ .26 .85 1.16 147 32 0 .27 .50 79

WINTER (JAN., FEB, NOV. DEC.)

PROB 1964 1965 1966 1967 1968 1969 1970 1871 REP
9% 2040 2925 27.79 3275 2793 29.70 31.67 29.00 3027
.90 23.16 2475 25.05 2730 24.10 23.10 2271 2660 2620
.80 17.68 2130 1992 1730 2007 17.20 18.43 2050 19.25
.70 1420 1763 1543 1373 1620 1380 1371 18.00 1567
.60 1228 1425 1085 1120 1370 11.60 1200 1226 1256
.50 950 1150 825 958 1117 900 900 10.17 988
.40 670 9.00 6.93 773 615 745 733 688 788
30 468 618 483 568 414 565 583 500 5.8
.20 256 300 216 268 208 3.28 320 360 279
10 96 1.48 8% 1.74 1.59 1.66 1.20 1.60 .28

SPRING FALL IMAR., APR., SEPT, OCT.)

PROB 1964 1965 1966 1267 1968 1969 1970 1971 REP
.95 2895 2665 2865 27.26 2643 2708 2370 2550 2633
.90 23.16 2430 2415 2150 2333 2183 1890 21.00 2160
.80 18.10 1812 18.20 17.00 1809 16.05 1443 i54F 1832
70 1295 1490 1330 1308 1358 1272 12.49 .33 137C
.60 984 1108 1069 1133 1120 1107 8LL 1500 354
.50 750 867 883 915 925 879 726 LS9 QA
40 688 693 660 750 7156 626 4.% 1.8 LA3
30 565 537 488 628 6N 3.97 356 s A%
.20 3.08 298 3.08 280 456 258 15, 3uF 31

10 1.89 1.67 1.19 1.67 2.58 199 i” KB 1.9

A9
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TABLE 12 NIGHT CONTRAST TEMPERATURE FOR SHIP J(1964-71}

PROB 1964 1965 1966 1967 1968 1963 1970 18N REP
95 W86 1047 890 1015 1018 1013 1039 1006  9.88
80 883 8.61 7.3 8.12 870 7.89 9.18 726 822
.80 635 619 53 560 6.27 5.47 628 49 565
70 459 439 393 3.98 419 390 433 370 4.5

.60 »32 297 3.07 314 KN 290 3.00 292 N
.50 .51 225 2.3% 260 237 z.21 2.21 237 241
40 206 1.72 180 2.14 1.84 1.62 1.60 1.86 1.87
.30 <58 1.29 1.23 1.71 1.34 1.06 1.02 1.4 1.30
.20 1.2 75 .54 .2 79 45 44 93 .83
16 24 15 - 28 47 -30 - .62 - .40 .02 18

WINTER (JAN,, FEB., NOV,, DEC))

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP
.95 10.04 .03 9.88 10.06 7.97 10.64 9.80 7.96 9.30

90 803 709 746 789 688 846 775 680 763

80 640 554 58 549 530 603 607 519 686
70 487 442 482 2 408 443 451 390 439 ;
60 362 348 375 320 3.6 326 343 319 338 3
50 277 279 302 258 240 255 274 261 2N 3
a0 220 227 247 213 195 205 216 219 221 F
30 184 177 19 173 149 153 159 168 167
20 133 120 120 123 88 102 98 126 113 3
10 66 39 6 18 02 36 17 85 34 3
3
SPRING-FALL (MAR , APR_SEPT. OCT.)

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP

95 782 TN 680 639 7.32 7.19 6.84 6.07 6.95
90 6 51 6 21 597 5.66 6.41 $.85 523 499 5.7%
.80 amn 4.87 4.55 433 5.10 438 3.63 389 437
10 3.55 3173 348 3.24 4 06 343 2.86 206 3.46
.60 283 295 277 264 n 2.18 2.24 2.46 2.68
.50 225 25 233 YA 247 23 1.89 2.12 2.20
40 187 212 195 187 2.04 2.00 1.64 1.77 1.88
.30 154 1.76 1.60 1.56 176 163 1.31 1.40 1.64
.20 119 L3 1.25 1.20 137 1.31 9 1.06 1.14
10 70 .18 62 63 .65 74 ) .60 .55

SUMMER (MAY_ JUNE,LJULY, AUG.)
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TABLE 13 TOTAL CONTRAST TEMPERATURE FOR SHIP J(1964-71)

NSWC/WOL TR 78-187
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SUMMER (MAY, JUNE, JULY, AUG.)

N A s A e 5 AN Y AR A . ¥ o

51

P P

PROB 1964 1965 1966 1967 1968 1969 1970 1971 REP
95 1209 1130 1241 1235 1311 12,09 1287 1233 1221
.90 976 928 943 967 1046 965 1049 9N 9.89
80 715 665 €676 695 749 6.40 788 638 6.94
70 529 6514 5.0 5.14 566 4.75 553 4.61 5.14
60 3.88 3.64 369 378 393 349 403 342 376
.50 283 2.67 2.77 3.00 23 2.68 2.84 272 284
40 2.26 2,04 212 244 2.16 1.92 1.99 214 2.18
30 1.71 1.48 1.52 1.95 1.55 1.27 1.38 1.60 1.61
20 1.15 91 .82 1.35 92 .60 .63 1.02 .98
10 .38 02 -.16 62 -0 ~39 -.24 10 .00

WINTER (JAN,_, FEB. NOV., DEC.}

PROB 1964 1965 1966 1967 1968 1969 18970 1871 REP
.95 2038 2222 2042 17.73 1984 1963 1688 2033 19.56
90 1384 1572 1381 13.00 13.26 1394 1193 1391 1383
.80 9.22 9268 902 861 7.94 9.7t 847 848 861
70 6.82 667 660 6.16 590 720 645 624 656
60 5.18 508 517 445 449 534 486 451 4.90
.50 362 382 399 332 338 386 362 351 3.66
40 2.72 288 3.02 257 2.52 2.79 276 276 2.77
30 212 215 2.26 2.00 1.90 207 198 216 208
20 1.53 1.50 1.52 1.51 1.26 1.42 1.24 1.61 1.39
10 .79 74 63 .48 .33 .70 .35 .78 .56

SPHING-FALL (MAR., APR_ SEPT , OCT.)

PROB 1964 1965 1966 1967 1968 1969 1970 171 REP
.95 1661 1855 1889 1753 18.19 1685 1496 1583 16.93
.90 1705 1323 1247 1194 1247 1230 1056 11.23 1190
.80 743 810 .37 7.4¢ 8.06 7.84 656 715 732
70 5.57 6.07 (A3  55¢ 518 5.9 4583 518 638
60 4.18 4.72 110 412 475 4.23 340 388 4.08
50 327 359 319 308 383 3.8 272 306 3.8
40 258 2.78 250 245 275 253 212 239 246
30 203 222 1.99 195 212 2.07 LA 1.89 1.97
20 1.56 1.73 1.51% 1.51 1.69 1.56 1.24 137 1.49
10 1.00 1.06 .95 .92 .98 1.02 .53 72 80
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over the wavelength region of interest (8-12.m). The ship and background tempera-
tures were designed to approximately reproduce the target surface radiance and the
background radiance respectively when used in the blackbody spectral radiance
{Planck's) equation ,equation (3)|. Tius, these temperatures are used to compute
spectral radiances and these are integrated numerically over the 8-12um region to
find the ship contrast radfance. Contrast temperatures are composed of independent
ship and background temperature components. While the radiance from each of these
two sources is uniquely related to the real or effective temperature, there is not
a unique radfance associated with their temperature difference. This {s §llustra-
ted in Figure 17 which shows a range of radiant contrasts corresponding to back-
ground temperatures of 5 C and 15°C.

12.0 —

100

8.0 BACKGROUND TEMPERATURE =« 15 C —~—e-

60 -

+— BACKGROUND TEMPERATURE = 5°C

4.0

20

RADIANT CONTRAST AT TARGET, WATTS/M? SR

1 | J
50 10.0 15.0 20.0

CONTRAST TEMPERATURE, C

o0

Figqure 17. PRelationship between contrast temperature and
radiant contrast ship siqnatures

These curves show that the range of radiance contrasts ccrresponding to a con-
trast temperature increases with contrast temperature. However, this range {s not
large for in the background and contrast temperatures encountered ir the present
work, i.e., median contrast temperatures of 5°C or less. 1In fact, an average value
chosen from Fiqure 17 will adequately relate any of the previously given contrast
temperatures to the target radtant contrast. Recommended average values will be
given in the next section of this report.
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VIi.  CONCLUSION

This report has presented the results of a study whose goal was to provide
ship signatures in a form useful to S{AFIRL system performance studies. Since the
SEAFIRE tnermal imaging sensor operates in the 8-12.m region, all work of the :
present study was directed towards that waveband. The results presented and the 4
conclusions drawn will not hold for the 3-5.m or any other waveband. However, the
methods developed could be extended to the 3-5.m waveband by considering the effect
of the ship exhaust plume and redefining the background temperatures. SEAFIRE ]
system studies required a statistical distribution of target/background temperatures :
which include weather effects typically oncountered at sea. 1t was found that
existing methods of determining ship signatures are long and involved computation-
ally. Hence, a relatively large amount of expensive computer time would be required
to present an analysis of the effect of weather on ship signatures. Therefore, a i
simpler method of computing contrast temperatures was devised so that a large
number of signatures using weather data could be generated. It was shown that this
method, named the Single £lement Method, provides a good approximation to the
average ship temperature. This method will accurately include the effect of a hot
stack on average ship temperature. However, the average ship temperature {5 not
meaningful in cases where the small stach surface area contributes half or more of
the total temperature. In these cases, the stach will probably he sensed at a much
greater distance than the remaining ship., Furthermore, the most cbvious counter-
measure for a ship signature is to cool the stach hence it may be assumed that
future warships will nave some form of cooled stack. The average ship temperatures
and resulting contrast temperatures calculated were for a ship model having a ;
cooled stack. Yor this case, it was shown that differences in ship constructicn or X
internal temperature distribution do not significantly effect its average tempera-
ture hence the results given will have general application. Improvements in the
Single Element Method could still be made. The most noteworthy improvement being
the obtaining of a rmodel atmosphere that varies continually with day of the year.
Also, any advance in methods of computing ship signatures could be incorporated into
this method as they tecore available.

3% ‘J'.zf;' Etedkalres o

3 o AR
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It is 4ifficult to surmarize the ship contrast temperatures given in this
report because they are greatly influenced by several variables. First, solar
heating influences ship temperatures hence the target ships heading and its
location on the earth are important. Secondly, weather conditions (i.e., rain,
wind, air temperature and cloud cover) largely govern daily siqgnatures and these
can also depend on location or szason of the year. Finally, the relative
positioning between the target and the sensor could be important, especially in
determining backgrounds. A summary of day, night and total ship contrast tempera-
tures provided in the previocus section is qgiven in Table 14 for a sea surface
background. This summary consists of the probability of observing contrast
temperature ranges or lower values for year-round conditions when the effect of
season and ship's heading are considered. Mere, the heading of 27u (due west} on
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a starboard element is excluded from daytime contrast temperature because it leads
to contrast temperatures very similar to nighttime values.

Table 14, Range of Computed Ship Contrast Temperatures
Probability Daytime Range Nighttime Range Total Time Range

0.90 8-20°C 6-8°C 8-13°C
0.50 3-5°C 2-2.5°C 2.5-3.5°C
0.10 0.5-1°C 0-0.5°C 0-1°C E

AT

Table 14 can be used to provide quick estimates of ship target contrast tem-
peratures which can alsc be converted to contrast radiance by use of Figure 16.
However, the limitations imposed by using the Ship J weather data should be
remembered. First, Ship J was at a midlatitude location (51°N) and these signa-
tures are expected to vary with latitude. Second, it was noticed after these
signatures were computed that the location of Ship J contains an extraordinary
amount of cloudy weather., Cloud conditions act both to lower ship temperatures and .
increase background temperatures thereby leading to low values of contrast tempera- 4
tures. Hence the contrast temperatures listed in Table 14 are conservative esti- 3
mates for the midlatitude location. Finally, these estimates are for viewing a
ship tarqet from another ship and do not hold for viewing the ship from an aircraft
or elevated ground station,
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SYMBOLS

solar absorptance

area fraction of ship surface are with respect to internal temperature
angie factor for solar reflection off of a ship

ship suyrface area, m

solar azimuth angle, degrees from north

solar hour angle, deqrees

area fraction of ship surface area with respect to heat capacity
latitude, degrees

area fraction of ship surface are with respect to ship stack

solar declension, deqrees

grouping of variables for internal temperature effects |see equation (25))

second qrouping of variables far internal tempurature effects
‘seo equation {26)

fraction of clear shky
greuping of variables for thermal capacity effects !see equation (21))

second grouping of variables for thermal capacity effects [see equation
{22}

convective coefficient for air flowing over a vertical surface,
watts/m - (€

internal heat transfer coefficient, watts/m” -~ °C

convective coefficient for stack gases, watts/m® - °C

convective coefficient for rain on a vertical surface, watts/m’ -°C
altitude above sea level

dimensionless parameter for air cooling

dimensionless parameter for internal heating

dimensionless parameter for stack gas heating

dimensionless parameter for rain cooling

length of air path from target to sky background

target ship heading, degrees clockwise from north
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Nb sea surface or background radiance, watts/m” - sr - um

Nc cloud radiance, watts/m" - sr - .m

Ng apparent background radiance, watts/m- - sr - um

ks sky radiance, watts/m' - sr - .m

Nt target surface radiance, watts/m™ - sr - um

P radiative signal power, watts/m"

Qd direct solar energy incident on a vertical element, watts/m’

Qf diffuse solar energy, watts/m

Qi indirect or diffuse solar energy on a vertical element, watts/m’

Qo direct solar energy, watts/m

Qs total solar enerqgy absorbed on a vertical element, watts/m’

R spectral hlackbody radiance, watts/m - sr - .m

Rs spectral radiance of sun, watts/m* - sr - .m

S atmospheric radiance emission, watts/m* - sr - .m

Sa atmospheric emission of a clear sky, watts/m” - sr - .m

Sc atmospheric emission of path from target to clouds, watts/m’ - sr - um :
T temperature ;
b basic element or average ship temperature, °C

TC ship target contrast temperature ,see equation {39)

1C1 interral temperature correction factor, °C

1C2 thermal capacity temperature correction factor, ‘C

TC3 stack presence temperature correction factor, C

TH ship target contrast temperature ' see equation {39): °C

TX temperature of exhaust gases inside ship stack, "C

Tn internal temperature of ship compartments, C

To sea level temperature or initial ship temperature, “C

IS effective average ship temperature ‘see equation (30))

Tw sea surface water temperature, 'C

Ty effective shy temperature, (

Ua atmospheric transmission

Uas foss in direct solar energy due to aerosol scattering N
Ums loss in direct solar enerqy due to molecular scattering o
ut solar energy transmission

relative wind speed between air and ship velocities, m/sec
v ratio of time step to thermal capacity {see equation (30)] :
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W thermal capacity of ship surface sections, watt-hrs/m® - °C

rd

solar zenith angle

lp target-detector zenith angle |see Figure (1)]

solid angle of target area in detector field-of-view, sr
normalized detector response

: emissivity in 8-12,m waveband

time step in numerically computing ship temperatures, hours

wivelength . m

§ elevation angle of sea surface facets, degrees
g reflection angle of sea surface facets, degrees

SUBSCRIPTS

a air

< ciouds

m internal temperature divisions of ship

nin Aininum

P thermal capacity divisions of ship

q stacks of ship

ship
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APPENDIX A

APPLICATION OF SINGLE ELEMENT NETHOD

This appendix will describe how the Single £lement Method is applied to a
given ship, the Patrol Frigate, to evaluate the correctior factors referred to in
equations (27), (33) and (36). The basic element of this method is simply a
vertical rectangie of unit area which has the lowest internal temperature and
Towest thermal capacity of all ship sections considered. This element is basicaliy
the same for all similarly-constructed ships. The magritude of the correction
factors vary with differences in ship construction and operation and cause dif-
ferences in average temperatures between ships. However, it will be shown that
these correction factors are small in comparison with the basic element temperatures
as computed by the Single Element Method for the Patrol Frigate are a good approxi-
mation for all similar ships. Here, similar ships are those having aluminum super-
structures and steel hulls of equivalent thickness and relatively smail cooled
stacks as those found on the Patrol Frigate Model.

A portion of the Patrol Frigate Model indicating the internal temperatures,
heat transfer coefficients and thermal capacities is given in Table 1. Here, a
broadside view of the starboard side of the ship is divided into 33 sections and
these variables are specified along with the surface area for each secticn. Table
A-1 shows that the internsl heat transfer coefficient is 0.625 watts/m* - °C over
most of the ship hence this value is used in the single element method. The
starboard view is arbitrarily chosen as any view can be obtained from the 3-
dimensional Patrol Frigate Model. In specifying the starboard view in Table 1,
the 3-dimensionality of the ship is neqlected. That is, all of the sections listed
are assumed to be vertical and the slight tilt of some sections is not considered.
Carrection factors are derived from Table 1 by considering the ship first in terms
of its internal temperatures and subsequently in terms of its thermal capacity. ;

rine?

The internal temperatures are modeled by first grouping the sections iisted
into 3 temperature regions. These are: (1) 80-95"F; (2) 100-110°F; and (3) 120-
140°F. The area fractions for each of these regions are found by summing their
surface areas and dividing by the total surface area of the starboard view (1130 m ).
The following area fractions result and are applied at the listed intermediate tem-

peratures,

Temperature 85°F 105°F 130°F
Area Fraction 0.441 0.453 0.016

b The temperature correction factor for internal temperature differences can be
derived from the above table and equation (27). Let, A; = .453, A; = 106, Tn; -
Tny, = 20°F (11.1°C) and Tn, - Tn, = 45°F (25°C). Equation {27) reduces to
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SECTION IDENTIFICATION AS Ti hi W
Peak Tank 35.1 85 2.660 10.4
Boson Storeroom 46.4 105 0.625 10.4
Hull Storeroom 93.5 105 0.625 10.4
Passage 21.0 105 0.625 8.6%
Passage 2.4 108 0.625 10.4
Crew Living Cornplex 68.3 80 0.625 10.4
Passage 33.4 95 0.625 13.9
Laundry Room 3.4 80 0.625 8.65
Passage 26.8 95 0.625 17.3
Dry Provisions Storeroom 15.6 85 0.625 8.65
Service of 4.8 105 0.625 8.65
Passage 31.6 110 0.625 17.3
Auxiliary Machinery Room 2 211 120 0.625 8.65
Passage 35.5 130 0.625 13.9
Engine Room 28.2 140 0.625 10.4
£0S Room 30.2 80 C.625 10.4
Auxiliary Machinery Room 3 21.6 120 0.625 8.65
Central Office Complex 33.6 80 0.0625% 8.65
Supply Storeroom 28.2 105 0.62% 8.65
Gas Cylinders ETC. PRoom 35.0 105 0.62% 8.65
Steering Gear Room 30.8 85 0.625% 8.65
Auxiliary Machinery Room 1 13.6 120 0.625 8.65
Helocopter Hanger 176.0 105 0.625 4.09
Ammunition Magazine 1339.2 g0 0.625 4.09
WR Mess Room 14 20 0.62% 4.09
WR Pantry 14.4 90 0.625 4.09
Plenum 23.8 105 0.625 4.09
Passage 5.0 90 G.625 4.09
Helocopter Shop 3.4 100 0.625 4.09
Ammunition Magazine 14.2 85 0.625 4.09
Fan Room 10.8 105 0.625 4.09
OTOM 5.8 95 0.625 4.09
Main Stack 12.6 825 26.0 1.0
AS = Surface Area in M- hi = Internal Heat Transfer Coefficent
in watts/M-°C
Ti = Internal Temperature in F W = Thermal Capacity in Watt-Hrs/M-°C

TABLE A-1  Internal Temperature and Thermal Capacity Model for

Starboard Side of Patrol Frigate
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T=7Tb+6.16-F (A-1)

Equation (A-1) shows that the internal temperature corrections depend on E which is
composed Gf the thermal capacity of the basic elements W, the weather coefficients,
ha, hr, and the time step, .: isec equations (18}-(20)7. A maximum value of this
correction can be calculated for the Patrol Frigate Model. The maximum £ results
for minimum convective cooling coefficients, Here, hr =0 (no rain) and ha=6.0
watts/m? - °C (free convection, no relative wind}. The thermal capacity of the
basic element is 4.09 watt-hr/m" - °C and the time step is 1.0 hour (time step has
only a small influence on this calculation). With these values, the following
value for maximum temperaturc correction factor results.

TC1 = 0.36%C (A-2)

It was shown in Table 3 that ship temperatures up to 20°C above ambient were
calculated from the weather data. Since the higher ship temperatures correspond
to the minimum cooling rates which produced the maximum value of temperature cor-
rection, this factor will be small compared to the difference between ship and
ambient temperature during daylight nours. At night, the internal temperatures may
contribute significantly to ship temperature but will not dominate the resulting
contrast temperatures. For example, median nighttime contrast temperatures for
the Weather Ship J data were found to be about 2.5°C (see Table 14?. Thus, the
contribution of internal temperature differences to contrast is likely to be small
compared to the solar heating effect in daytime or the ship to background tempera-
ture differences at night. Also, the rather large internal temperatures given for
some sections of the Patrol frigate Model will not have a significant influence on
the results.

The Thermal Capacity Model was derived by first grovping the ship sections
listed in Table 1 into common thermal capacities. It was decided that only the
three lowest thermal capacities would be considered and that those thermal capa-
cities above 10.4 watt-hr/m - °C would be neglected because their associated sur-
face area is small. The following area fracticns were found for the three iower
capacities.

Thermal Capacity {watt-hr/m - () 4.09 8.65 10.4
Area Fraction 0.408 0.257 0.335

Here the basic element thermal capacity, 4.09 watt-hr/m’ - °C, corresponds to the
L-inch thick aluminum plating found on the superstructure while the higher values
correspond to the steel hylls. The temperature correction factor fer thermal
capacity differences can be derived from the above table and equation (33). Let,
B, = .256, By = .335 and V. = .244, V. = .116 and V. = .096 for a time step, A7, Of
one hour. Equation (33) can be written as

(F-G- To)

T e Tb- 0823 13 y5e 0 25e (A-3)

where the slight difference in dencminator between the two terms of the temperature
correction factor has been neglected. The temperature correction factor in
Equation (A-3) is a complex combination of the solar heating, internal heating and
convective cocling rates which define the factors F and G !see equations (31) and

A-3
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(32)i. An estimate of this correction is made by assuming that the initial ship
temperature is 20°C for the minimum cooling conditions previously defined. The
following thermal capacity correction is found for an average absorbed solar heating
rate of 75 watts/m" and an average air temperature of 10°C.

TC2 = -0.42°¢ (A-4)

Thus, the contribution of thermal capacity differences to the average ship tempera-
ture calculated by the Single Element Metkod is also likely to be small compared
to the other centrisutions.

The stack correction factor for the single stack found on the Patrol Frigate
is estimated using Equation {37) and noting that the stack area fraction is .0106
from the data in Table 1. The following estimate of maximum stack correction
results by using the minimum cooling rates.

TC3 = 2.88°C (A-5)

If the previously recormended average cooling condition, HC+HR = 5.0, is used, the
stack correction factor drops to 1.50 C. Table 14 indicates that median contrast
temperatures for the Weather Ship J data are about 2.5°C at night and 5°C during
the day. Thus, the stack correctfon factor ic likely te be a significant portion
of the overall ship temperatures for hot stacks. However, the stack correction
factor is much reducad for ships having cooled stack or stack gases. For example,
if it is assumed that the stack gases are cooied to 150°F (66°C), the corresponding
maximum stack correction is .363"C and the average correction is only .189°C. A
stack gas temperature of 150°F is artificially low to account for stack casing
cooling which cannot be considered in the present models.

The work of this appendix shows that the temperature correction factors for
ships with cooled stacks are relatively c~yil compared to the expected overall ship
temperatures. Fence, ship temperatures calculated by the Single Element Method
using the Patrol Frigate Model are valid for all similarly constructed ships. The
work on stack correction factors shows that hot stacks contribute significantly to
the average ship temperature hence their effect shouyld be included in Single
Element Method calculations on a per ship basis. However, hot stacks may be the
dominant feature in some ship signatures hence an average ship temperature may not
be meaningful in these cases.
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APPENDTX B

COMPUTER PROGRAM FOR CALCULATION OF SHIP CONTRAST TEMPERATURES

A computer program using the methods of this report was written to calculate
ship contrast temperature and the component temperatures making up its definition.
Component temperatures are the sky, background and ship temperatures and these are
calculated and presented as an aid in understanding the probabilities of occurrence
of contrast temperatures. Contrast tempuratures are calculated from data supplied
hourly for day operation, night operation, total time operation and for the hours
between 10 a.m. and 3 p.m. These calculations are gathered, statisticaliy
analyzed, and printed in a form useful in systems studies. The definition of the
probability of occurrence of contrast temperature and the rationale for this
definition was given in Section V of this report.

The ship contrast temperature program, named ASIRCT for Approximate Ship
Infrared Contrast Temperature, will be described. This gescription will consist
of a flow diagram, a listing and a written descriptizn of the operation of the
main routine and subroutines of this program. These are given to show how weather
data is used and how calculations are performed but not to provide a user's manual
for the program. However, the program and instructions for its ;ot-up and use may
be obtained from the Maval Surface Weapons Center. The ASIRLY program was written
specifically for the Patrol Frigate Model and for the 8-12..m waveband. However,
this program can be modified to include other ships or wavebands #ising the basic

format of this program.

The ASIRCT Program consists of a main routine ang eight subroutices. A flow
diagram for this program is given in Figure {8-1) and the individu:' routines are
Tisted in Figures {B-2)-{B-10). The program requires three punihed cards znd a
magnetic tape containing the weather ship data. The three cards are initialiy read
in te provide program controls, the Single Element Method tnermzl model, and the
ship target conditions. These are the only input data cards required as shown by
the flow diagram in Figure {B-1). The Program Control Card zrovides cntions over
printing or plotting the temperatures generated and the optisn of calculating
statistical results either monthly or for a season of several months. Three
standard seasons were chosen for data anslysis. These are: {1} the winter season,
November, December, January and February; (2) the spring-fall <eason, March, April,
September and October; and (3) the summer season, May, June, July and August. The
Single Element Method Card provides the thermal capacity and internal temperature
model for a ship of three thermal capacities and three internal temperatures.
Lastly, the Target Conditions Card provides the speed and heading of the target
ship, its emissivity in the waveband of interest (8-12.m here), its solar

absorbtance and its stack model.

Program ASIRCT first calls subroutine SKRAD which provides the clear and
cloudy sky radiances in tabular form for future use. This subroutine, which is

B-1
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listed in Fioure (B-3), contains both the Midlatitude Winter and Midlatitude Summer
Atmosphere Models. Midlatitude Winter is arbitrarily used for the months November-
March and Midlatitude Summer for the remaining months. The program now enters a
targe loop which begins by reading the weather data tape as seen in Figure (B-1).
The weather tape provides a myriad of information, only a portion of which is used .
by the program. Useful information includes day, month and location of the weather
ship, hour of day, sea level conditions of temperature, dewpoint, visibility and
wind velocity and cloud height and conditions. This information was recorded hourly
by Weather Ship J hence it will be used to calculate contrast temperatures hourly.
The large loop of Program ASIRCT takes an hourly reading of weather data and cal-
culates the contrast and component temperatures for this sample. It then returns to
the beginning of the locp and repeats the process for another hourly reading of
data. The temperatures calculated are all saved for the statistical analysis which
is performed after completing the loop. A description of iarge loop cperation
follows.

After reading the weather data, the program next determines if subroutine
SKRAD should be called to provide new sky radiances. SYRAD is called oniy if the
date indicates a change in season from midlatitude winter to summer or vice-versa
has occurred. This happens on either April 1 or November } for the two possible
seasons. The program next calls subroutine CLDTR. This subroutine, which is
listed in Figure ?B-d). provides the cloud conditions, c¢loud transmission and rain
convective coefficients. Cloud conditions are taken from the weather data and
categorized into 7 general conditions for later printing for informational purposes.
From cloud type and aititude, the transmission of solar energy is determined using
information from Reference B-1 as a guide. Rain conditions were subdivided into
3 light, medium ang heavy drizzle and light, medium and heavy rain for use with the
rain convective coefficients derived in Section I] of thic report. Control of the

E progran returns to the main rowtine which procedes to call subroutine NEWDAY if
3 the weather data indicate ¢the start of a new day. This subroutine, which is
i listed in Figure {8-5) finds the hour of sunrise aand sunset of the new day. The

main routine then calls subroutine SOLAR which is listed in Fiqure {8-6). This
subroutine calculates the convective cooling coe{ficient due to relative ship motion
which is given by Equation (16). Then, if the sun is present for the hour under
consideration, the indirect, direct, and abscrbed solar enerqies which are given

by equations (13){15) are computed. Control of the program returns to the large
loop where the ship temperature including correction factors are caiculated by the
Single Element Method given in Section V of this report. Subroutine TRSKY, which

fs listed in Fiqure (B-7). is then called. This subroutine first determines the
sky radiance using Table 2 and the wind speed, cloud height and cloud cover supplied
by the weather data. Subroutine TRSYY includes the variation of sky radiance with
relative humidity although this has only a small influence as previously explained.
This was included before it was realized its effect was small and is retafned in
case future analyses depending on relative hymidity are developed. The sky
radiance found is related to sky temperature using the blackbody relationship given
in Fiqure 5. Using the just found value of sky radiance, the backqround and con-
trast temperatures are computed. These are stored for future use in determining
probabilities of occurrence by statistical analysis. MNert, subroutine CONHR is

3
3
%
.
5
3
3

B-1 “Fleet Signature Computer Model Program Manual,” Westinghouse Def. and Space
Cen., Baltimore, MD, Rept. 8796A, November 1968, p. 6-4
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is called if the hour of day is between 10 a.m. and 3 p.m. This subroutine, which
is listed in Figure (B-8), stores contrast temperatures for the above hours when
they are likely to be at their maximum values. Control of the program returns to
the main routine where the iarge ioop ends by determining if the hourly data cal-
culated 15 to be printed. If printing is desired, many quantities in addition to
the contrast and component temperatures are printed for information. These include
the indirect, direct and absorbed solar energy, the wind speed and direction, the
cooling coefficient, sky radiance, rain coefficient, air and sea temperature and
the generalized cloud condition. The program now either returns to the beginning
of the loop for more weather data or leaves the loop to statistically analyze the
temperatures stored.

Data are statistically analyzed after 1 month or a specified number of months of
contrast temperatures, computed hourly, nave been stored. This is done by calling
subroutine ANAL whose main purpose is to call subroutine SORT which actually per-
forms the statistical calculations, subroutine ANAL, which is listed in Figure (B-9)
calls SORT once for every contrast temperature or component temperature calculated
in the main routine. These are, the component temperatures for ship, sky and
background and the contrast temperatures for daytime, nighttime, total time and the
six hours between 10 a.m. and 3 p.m. SORT is also called to find probability of
occurrence for the sum of the three correction factors, TCl, T7C2 and TC3. After
these calls to SORT, subroutine ANAL prints a summary table of the probability of
occurrences found in SORT. These tables will be reproduced and given in Section
V of this report. Subroutine SORT, which is listed in Figure (B-10), calculates
the probability of occurrence of temperatures which are given as a list of standard
temperatures. These probabilities are printed and as an option may be plotted
using a Gould electrostatic plotter., for example. After the summary table is
printed, control of the program returns to the main routine where it either ends or
returns to the beginning of the main toop to read more weather data.

8-3
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STARY
—
READ PROGRAM CONTROLS
READ THERMAL MODEL
READ SHIP CONDITIONS . l

SKRAD

.

—=4 READ WEATHER DATA TAPE
3 | 8 -

4 SHIP TEMPERATURE

|

TEMPERATURE STATISTICS

PRINT HOURLY DATA

- 3
| ANAL }=—{ SORT = PRINT STATISTICS ;
PLOT STATISTICS ‘

FIGURE B-1 FLOW OIAGRAM OF ASIRCT PROGRAM
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PROGRAM ASIRCT(INPUT, TARFL,0UTOUT)
COMMON/DAYHZIMCNTH, IDAY ,IYEFAR,ALOC ) ALAT, ILCNG TNUAD,IPAGE
FCHMON/SOLM/TAIR ,TOPT s ILCCAL ZLAT 4 N0 IR, WMVEL ,TSEASVISR,CFRALENMISS,
101, 7Cry TAS,TSCyTTRNHADTIR, OSCs CONVy NREL yAZM,CTRANS ySOLARA HZENITH, RM

COMMON/PRPL/KK ,KNONTH , AYF AR, NCPLT

CC""°~,SY‘VV,”""?."3'“h’”s.ﬂb’N"NB’NC'NF’NF’NS.NT'LC“'LO.t“

CCMMCON/SKPR/TSFAS,CHIT,RAC,SKYT,CRAL,CRA2,CRAJ,CLOL,CLD2,CLO3

DIMENSTION CRAL(6),CRAZ(A) 4CRAT(H),CLLCIC30),CLD2(306),CLDY(TD)

DIMENSION CCOV 1D g TWIN (L) g ISPF(4) o ISUMILY ,IMON(12) yKMON(12)

DIMENCION NLLUTO) ,M2(79) JMI(79) yMu(79),M5(79) 4M6(73) ,NA(T9) ,NB(79),
INCU73)yNF (79) (NF(79),TH0D(36) yNS(79Q) yNTI7Q),TEMP(79),TLIST(?

CoTA P/0.C1765/

n.Y. CCOVIO..0-10.0.?‘.0.60oO.50'0-60.".75’0o?Ool.O'loDI

DATA THOD/100 08 esbosTe€y30?292e8020492e091.8,8.690ek98e2010,0.9,
10.8.0.’.0.6.G.‘.ﬁ.k.n.3.0.2.0.1.0.0.~.2.-.h.-.ﬁ.-.a.-l.ﬂo-ioh,
1‘1.59‘202"2-60°‘o°"“o9"5009‘1000/

O.Ts 7LIS"6°..5‘0'500'65005000350'300'27"?“.’?‘0'1‘.'16.’150'1‘0
1.13-;12.'11.,10..9.5.9.“.!.S.ﬂ.0.7.5.T.1.&-5;6.0.5-5.5.0'0060“020
t’.evs.“.s.0'2.8',06'?051202020091.6’106'10“"0291.0’00"006’.0“.
10.?00.0".2"o“".6.'05.‘1.0;‘1.2"1o“v‘lcﬁg“-0"200p°202'°20“’
1°20‘9’?05"3o0,".5.".‘0'“.2"5.69-.oOo'5-50’6-0.’6.5,'7-0,".0’
1-°.0.'!0.0'°12.”.'15.0.-?0.0.-B0.0I

ngTA 7‘”°’25.o’5..23o'2?-o?lo930..190'1‘0917..16:915.91“-,‘30’12-'
111.;1fc'9e"o.7o'é."o.h.o‘-.?¢ola'0-.'!."?.o‘3c|‘~.)'So"60;°7o;
1‘9.0‘°~|‘1°o"11.0‘1?-g'l'.'°1“o.’15.,‘16-."7.1‘100"190"2°o"21
!..-?2..-21..«’h..-?=..-?6..-?7.y°28..-29..-30..-31..-32..-33.;-3&.
1;-3‘..-36..-3'..-'8..-\9.,-BO..-kl..-hz..-63..-»h..-bS..-BG.,°b7..
1'“8-0’“9."500"=100‘g?o"5!-/

DATA IMIN/$,32481412741S2F /73444310 /4 1SU%/5,6.7,5%/

CALL FPRSETIICCUNT,, i)

K24

TLINF 20

1cCOoUMT=D

NYANN=zA,

TPAGF =

JCAY=A

TILAS Y=

C CONTRCLS CVFR CTALCULATION,PRINTING AND PLOTTING

AEAT 101 NCPOT  hOPLT, JMONTH L NONTH , TCOT KSEAS, NN, (KMONTJ) yJ= 8y NN)

101 FORMAT(TIF,1114)
C SINCLF FLEMFNT MFTHCD THEOMAL MOOTL

RFAC L02,MI1,RPCPY,OCPX2,0CPYR,R1,R2,yTINY,TINT2,TINT3,T1,T2

102 ?0““‘7(“‘8.312'6.?93‘5-27?‘6.?’
C SHIF VFLOCITY,SOLAR PROPERTIFS ANC STACK MODFL

s A s 500 -

FIGURE 8-2 MAIN ROUTINE OF PROGRAM ASIRCT
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READ $03,SCEFCMOR,FHTISS, SCLARA,HTK, TSK, 51
CORVAT(TF %, 2)

RELAZ za0,

MILAN

IFNTITHEOD,

WS 021F.0
WSLOL2HSLC=,5*(30.-7°)
723=7P-HSLOY

“‘0&2‘ oge.(‘ o"COQ‘v. ?Z‘H"‘
ATMRFLAZ oHDG

00 Y T=xt,b

TF(XSFAS.CT 41 C0 0 ™1
IPONITYsTIWINGTY

GC Y¢ 7

TF{XSFAS.GT,21GC YO V?
ITMON( IV =ISPFLT)

GC YO v7

IFIXSEAS.GY . )IGO YO Y6
IMONCE T RISUNCTY)

CONT INUE

GO Yo *?

NC v8 T21,AN

TPOM(T) s MCNLT)

POINT 200 ,¢PFFN NG, TFNTITY RFLAZ

FCRMAT(IM! ,® TASGEY SOFFD-%,F6.1,°XNCTS AT NFADING3®,F5,0,%0€GC FRC
1M NORTH CUIP FLEMENTY VACTAALFS ZFAITUZ® ,F5,0,°A2INUTH FRCP BOWE

19 ,FR.0,*DECREESS)
BRINT 201, TINT MY, RCPXyFMISS, SOLARKA
FORMATELIM ,® INTFONAL TEMFze®,765,1,°%0EG C

1¢Fu.2+® SOLA® ARSORATANCE2%,FuL.2)
pe 3 Iz1,79
MLET) =0
n24Ty =L
HY(T) =0
ML{T) =0

N& (1) =0
HE(TY =P
MA(Y) 20
NR(T) =0

NF (1) =20
NS(T) =D
NT(T)=C

3 NC(T)=0

PRIV

INTERNAL M T COEFFa®,FS5,
1LY, *HATTS/#»=C GrOY=®, FH, 34O UATT=HI/M2-C SURFACE EMISSIVITYs®

s

o b,
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I€FAS=2
YF(J”CL‘*N.';F.:.Q\'O.J“O’!'N.LF.l'n IS‘AS:’.

CALL SxRAD

JSEAS=TSF S

NC o T=231,3%

NF(T)=ze

LCN=?

Lrz®

LC=5

REAN (148) NUMGALCr,ISFA,TTINME,IQUAD, ILAT, TLONG,TIYEAR,IMONTH, IDAY,
1ICMY , TLOCAL y ININCD AN INDS VIS, INFATLAIRPROL,TAIR, TOPY,TSEA,,ICOY, ICL
1T ILC o IMC G IHC CHT Y  HAVF M, SHELLHy BJUNK

FORMAT (631X B2,LT2, 10 ol X I3, 0T18, 1 X,12,FbalyINyFE2,1X91291XyF6.1y
1RG0 41Xy 2T125312,F6,09288XFX,00,1X,410)

IFITCO'NT . E0. 0900 TO 10

ICOUNT=Q

ILINF=??

e 0 €

CONT It

IF(FIF11))190,7

TFOTHONTH FOQ,LMONTHIGO TO 190

TF(TMONTH NF, TFCNLINIYND TR &

IF(NTAI NF,D,)AC YO 18

HCLN=2ILOCAL~Y?

s UEEW |

ne YN ¢

AYFAC=-TYF ARSI QLN

1¢Fas="

TRUTMCMTM  CE, S AND TMONTH LF L, 19) I5FAS2S

IFCISFAS FN,ISFASIGO *O 12

CALL C©veoAC

JSEAS=TSFAS

12 ALAT=z LAY

TLAT=TLAT
NVFL= BMTINCS
WRIP=z4ASTWINDD
KCOV=ICOVet
CFRACCOV(NCOVY

VISI=yIS

CALL CLOTRIILL yIMCoIMC, IMFAT,CTRANS,CONT,RCQFF)
TUINF=TLTI AT o8
IF(TIDAYEN.JOAYIGO TO 79
asuN=na,

rsOnN=9, "

87
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TIN:YLIO
CRoLL ‘WP AY(ILINT ,2C0L,SUNR,SENSET)

JCAv=zTDAY

NCURs TLOCAL-12

LON=L CNet

DYTANzHOUYR-HOLD

HCL D= HOR

IF(HT BU.LY.L‘. 0T Ay=NT ‘U”?o e

IF(OTAUEN.0.,1CG0 YO &

CALL SOLAR(HOUR,7SOL,SPFEC yHDGoSUNR, SNSETS4QSUN,DTAU,0TIN)
NSOL= (NSUNNSOCI®OTIM/ {2, 0%RPCPY)

neoN=zNSYN

HINTeRT®OT AL/ RCPY

HRATN=RCOFFODTAY/RCOX

HCOL=TONYSCTAY/QCPY

TIzV1IN
TYa(TINCQCCLOMCCLOTATOIHRAINPTATRANINTOTINTY /{1, ¢HCOL+HRAINSHINT)
Ai=NTAN/RCOY

A2xDTAY/RCPY?

AYsNTAj/RCOXT

Fa(NSUtieNSCNY /2, ¢ (CONVORCLFF)I*TAIReMIOTINT
GCONVORCCFFenNY

HET=HC KTy /CrOY

TCLzRYP (A2~-8319¢FaGeTTI/Z (%G P (A10A2YALOA2%GOG)IOR2P(A3-AL)® (F=(?
1TII/7 (L, 6% (A oA AL ATIOGN)

BAzHINT/{] ,oHTOLOHRATNIHIANTY)

TC2:=T1%BR® (TINTO2-TINT)I ¢ T2*RB* (YINTX-TINT)

YCXzSIOHS TP (HNOLAHRATINGY LI P (TSK-TRAIF) -QSOLY

17 C(HCOL ¢eHRBINIHSTIYI O (HCCL e HMRAING L))

TC=TCLeTC20eTC?

TT=2TT v (

TT2EMICSOe TTo( ,~FMISSIETALR

TINZTY

0F A7 =1,

JLzL

IF(TC.OT.To0DILYIGO TO 48

A7 CONTINUF
88 NE(ILI=NF (UL o

CALL TRSKY(CFEA,GU WVFIL,TATR,TEMP,NB)
0C 0 "=1,79

Jz21

TFETT AT TLISTITIIGD TC Gt

Lt CONTIMIF
Ly NAGJY2NALY) @Y

L st i b T T L M ek e, A e

R
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e e a3 9 Elbmmnabs o atd Bt
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TOLGNzF1eSKYTe (1, =-FL)®PTSFA
ng ~s 1=z1,79
J=1
TFEYOOD OT YLISTLINGE 70 *A
28 CCNYINUF
26 MS1)=NSLJY e
TCONz TY=-TRAN
AN L2 tzxy,va
J=1
TFAYCCHLGT L TLISTLINIGCN YO WY
WY FONTINUF
LT NT(HEaNT{ U ey
TELHOUE ,L T,SUNF TP HOUP ,GY  SNSFTIGC TC 30
Ll Do
0C &b 121,79
Jel
TFITC™ AT TLYISTIIINIGO TC WS
bl CONTTF
L& NC{Y =T U)oy
XF(uOUQoL’o"oC°-"OUDQG""GO YO “7
CALL TONKPR(J ND HOURG MY (M2 MY Ny, 06 pE)
¢ "N w?
TA UNxUNeY
¢ 8 T=xy,79
J=1
IF(TCOR  GT TLISTUINGO "0 ¢
TG CONTINT
TR NE( )2 C( Vet

C CONVFRY PANTANCF CUNCTICN TO RADTANCF

L? 23Nz, u%04AD
TFINAPCT €7, 41G0 TO LA
TEIHOUDS (L T, SUNR 00 HOUD T ,SNSFTIGO YO &6
TE(HOUR LF L 0,)HAUP=HOLIOL1?, 0
EEINT 219 440UP 4TCL TAS, TSC,TYON,MDIR,0QSCy QSUNNVFL ¢ NOIR, HREL yCONY,
{1COND)RCOFF,TATD,YSFA, YT ,TC,RAD,SKYT,TAGD,TCON
7900 FCOPMUATIIN (FU, 0,0F 6, Y F 7, 2,2F7 23F o3 Fbe03F6.09F7.2,1X)88,F€.0,
1"60?.‘5. ?Qc702"F6',’
AC TA AR
Lh IF(HOT ,LF, 0, 1HCLUP2HOUI 12,7
OUTNT 11 4NOUR yRVFL WNIP, WRFL ,CONV,COND,RCOFF,TAIR,TSEA,TT,TC,RAD,
1SXYT, TGN, TO0N
211 FORMATIIN (FlL M b2Y,C7, 0, 60 FS.09FT.2y1XgA8)F6,0,3F6.29F542
1F 7y 306, 2)
LA TF(THOMTH FQ, YNCHNTHING TO 8
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T
j
1
JNONTH: THONTH ]
LEL LB 5
IF(TIOPT EC.0)50 TN 6
Qa CCONTINF
KMOMTHZIMCONTH -1
ABLL ANAL (HOR , TINT,RCPY,THGD, TLIST,TEMP) g
IF(ILAST.FC1IGO YO 199 ]
4 ¢ YH ¢
] £190 ITLAST=!
nc To 99
199 CONTINUF
stT00
cND
)
]
iz )
£ -]
z
g ;
£ :
g
%
5
% (XY
2
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SUPQOUTINF SKPAD
CQ““Q”/eVoQ/IQrAQ'C"IT'°ADQQKVT'COAXOCQA?'CQA‘QCLptQCLOPOFch
NTMENSTON Coﬂl(5’.CQ§’(6).n°i‘(ﬁ)OPLO!(XQ’vPL”"‘o’oan‘(YO'
NYMENSTON C$U“1(E’QCSU"?(A’OCSU"3(5’QQHINi(6‘0”“!NZQQ"CNIN’(6"
1rﬁ3“1(‘0).C05“2(30‘;st”‘(‘q’ornWNl(SB’QC““N?(‘O,QC3HN3'10,

narvta CSU"t/HO.ﬁS!Gv“‘.?15‘0“307315037o“1“105“.1090075015nq/

naTa CSJP?IQO.5?13'«!.1510.3‘.0$7?.h7.007ﬁ.%!.!7??.’ﬂ.067ﬂl

naYa :QU"‘,“Oc556‘0“1-0’°50Q?o's’n'“5o5570'q7ooﬂ60077oq0!?/
nA'ACﬁ'“1/6$.*65°.66.l?chie?.!Bﬂlesr.rlgco’n.i19&.77.5WS?.69.M61‘.
1&“.‘3?’,‘0.6!3?'YN.QQQG'71.596],77.5§q5,?7,1531.7?.‘709.77.9!79.
177.g'ch.73.XQY?.7?.87%?,76.Qh96‘7u.956ﬂ.7b.Q?FR.?'.3371.?5.’1’&.
1”.“““8'7‘.9‘“3.7&.?hﬂ0.7G.°h12.’6.997'.7F.“9“1.7’.6636/
“°Y\Cn5”?,66o“616'53o?1QL057009qqoS’.Sx?Soﬁq'ﬂa'ﬁ9770521“069055.3'
1‘4.k°b’.6“.50“9.‘?.9660.71.‘9k1"’.61?&.7’.1ba0.7?.166k.7?.??b?.
i77.‘Qﬁbv?’01ﬂﬁ“o”-ﬁﬁ’ho’“o@““ﬂo7L-°5kgv7“oq717'7t.0?‘3'7507Euq0
1".“'““075.q!°q'76-3”7Q"aah?ﬁo?ﬁ.QSQQ.7‘.“!9“.7'.5°Q“/
DATsfﬂG“'ls‘.*Séﬁ'éﬁ.Qﬂ'7.67.06’k.6?.?&19.69.55*%.7*.?§§u.6ﬁ.u56ﬁ.
163.uK?1.€Q.“8“0.6°.RR01.71.1690.7?.7506.T’.1k51o7?.1619.7?.$10"
1'7.‘56‘.7"0?75077025’70’60955§’7Q¢95x!'7“.967‘0’5."10007:071"9
17'.’q“7076.Q!€.97f.°"q'".9617"F.14K'.76.“'0“.77.5?h6/

parvre ’u{?1/?{.95?7,7?.57§Q,’&,SQQ1.!!‘!hCh.Gx.R’bl,75.1\ﬂ1/

naTa CHY*?I?l.REﬂﬁ.’?.annu.?é.oatﬂ.".R?Tc.S%.Q?YG.’*.Obﬁtl

narta CH!'!/71.7951,’7.6'1Q.’F.F:ﬂ*.'l.%7°!.ﬂﬂ.ﬂﬂq&.”.lﬁ?hf
NATACONN 7R o360, Al SPEN Rl (RIS LT (ALAL, AR, O242 .77, 5825,H7,9924,
16'.755q|5“o?’1°ofpn77%5070.'331Q’7-5‘!50”o“‘?5071-95‘9t710‘““19
1'10’0700770"11077-5°150’“o’1“1973.’?76v7“o7b7qo7ho‘1°‘o’5-1“'00
17’.=’65.Té.FQMQ.’E.'Qkﬂ.74.3006.’ﬁ.?1ﬂ1.7%.°F17.77.6783/
ﬂ\an“HN?/g“.u?eQ.ﬁq.ﬂﬂﬁ’.eu.7=7ﬂ.€5.u7ﬂf,ﬁﬂ‘kgsﬂ.77.1§6..ﬁ7.986'9
15°-3‘7‘of".1”QQQP.GO%Q.’Q.“|7AQ7'.3‘?0071-“?q1971.“50‘.71.5‘“30
1'1.’?’1.7?.6’16.77.u1=6.7%.7160.’k.77!ﬂ.7#.7h00.7b.7965.”.GE“S.
1”.uG£L.7‘,‘Qb’.?ﬁ.ﬂ°56,7R.Q°ﬂh.’ﬁ.Q0‘ﬂ'7“.@“7“.77.977§/
CJTaC?H“!/Aa.ullﬁ.ﬁu.'*6=.SQ.EQ£!,ﬁq.'iu6.67.°1ﬂP.7’.1676.67.°Rﬂ“o
15‘."7“g‘f‘.!“i7oﬁ'.SﬁxQo’ncU7x“o”oi7ﬂ!o71c§?6207§.bbhlv71.“9ﬁbo
1’1.15‘1.??.QQQ?.’7.’G’Q.’Q.7:&!'?Q.’ial.?h.7’§Q,7h.77ﬂﬂ.73.9970q
17‘-7?M§075u'a“6v760qa‘ko75.‘97507‘.9”“3075.9’73077.50?9/

ICCLISFASFOA,21G0 ™0 21

Ar 1N T=146

FOAL T =0Ty (T
CTA2(T)=05UN2¢Y
rAATEIY =MLY

FIGURE B-3 SUBROUTINE SKRAD OF PROGRAM ASIRCT
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i
i.
g

EECORN A POy

00 16 1=1,30 3
FLEL (T 2COS™L(T)
FLD2(TY=COSH2(T) 5

15 ALNUTI=COSMACT) 1
COTC 40 §

20 0N 0 T=x1.6
FOAY (T)=CHINIC(T)
CEAP(TYLCRINZ(LT)

I CIATLY)=CHINTYY
no 35 I=1,30

CINL(TY=COMNT (T J
CLO2(TY=COMN2 LT i
] & AINTATYI2CNNNTITY ¥
¢ Lo CARTINYE ]
; ec TN 1
] € ﬁ %
:' z:
3
f
i {
F -
E
E
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E g B
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z
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SUAROUTINF CLOTRETLC,TMC, THC ,INFAT,CTIANS,COND,RCOEF)
NIMENSION LITREISY (IMFD(14) ¢ THEVELI1) JLITNCL) JJNFDR L) JHEVLY)
NTMENSTION WEAYH(T)

CATA WFATHZBHND PREL JAHPRFEC WHRAHFON/ZICFF, AHNR ZTLF +AHRAIN
1AHSNOW ¢ AHSHOMERS 7/

NATA LITE/60,6146F, 68370, 710769 B8N0 A3+A5,87,89,91,933/
DATA TMEDLAE2e6 0347207307781 oR0 "6 4A88,10,07,84,96,964/
DATA THFV/64e654h7,60, 74,75,73,42,97,98, 3G9/

NDATE LITE/50,5145€,547

NATY JMFDN/62,53,87/

DATLE JHFV/B485,5¢C/

TEFLILC.FR. 006N TO 60

IFLILN.AT.2¥IGE ™0 20

CTOANS=Z0

G IO AD

TECILCLOT.30G0 TO 25

CTRANSZDLE0

rn T0 AD

IFCTILN0T.5)6" TO 30

CYRANG=N, T

Go Tr A

IFIILTLGT, 760G TO 35

CTRANS2R,25

ne TO A

IF UL CCT AT TN 41N

rIPANS=®0,.?

6N YO AR

rYPANS=(0,.7

GO YC 8¢

IC(IMN,FO.00G™ 10O 60

IFEIMN,GT.21G0 YO 8§

CTOPANS=N, L)

GN TO AO

FTPANS20,.4L9

c0 TC AD

I€IINS,CT,0VGD) TO 6S

CTRAMNS=1 .01

6N 10 AD

IFCIRCCT.TINE TO 79

CTYRANSsD 2

GO TP AQD

FIGURE B4 SUBROUTINE CLDTR OF PROGRAM ASIRCT
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IF(IHC.GT.8)GO YO 75
CYRPANS=0.T4

GO TO 30

CTPANS=20,65

CONT INUF

IC(INFAT GT.19¥GO TO &S
COND=WEATHI1)

GNh TO 120
IF(INFATGT.391G0O TO 939
COMD=WFATH(2)

6N 10 120
IFCINFATGT.LI)GO TO 95
COND=WFATH(T)

GO 10 120

TFIIWFAT CT.59)G0O YO 105
CONN=WFATYHIL)

G0 Y0 120
IF(INFAT.GT.5GO TO 110
COND=HEATHIS)

GO YT 129
IC(INFAT.GT,793G0O YO 115
COND=RFATHIAY

G0 TC 120

CONO=WFATHIT)

QCOFF=0,
TE(INFAT L T.50)GO0 TN S0
IF(INFAT.GT.53)3G0 TO 1130
ND 121 T=1eh

TEUTRFAT FQ.LITOD(TINIGY TO 122
CONT INUF

60 TO 123

REQEFx1?7,

6N TO 15¢C

00 124 T=1,.3
IFCIMFAT . FQ. JNFOCINIGN TO 125
CONT INUF

o T0 126

prorfe=20,

60 10 150
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127
120

130
1135
136
1139
140
162
16l
145

168
150
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no 127 1=1,1%
IF(TNFAY.FO.JNEV(I))GO TH 1?8
CONTINUFE

0nofFF=30.

60 YO 150

PN 136 J=1,15
IF(!urlT.FO.LITQ!J))GO TO 136
CONT YNUF

6N 10 t3%9

RrOFF=Al.

¢nN v0 850

00 1L0 J=telb
I‘!XHFAT.FO.YNFG(J))GQ TO 142
rONT THUF

o vh o tul

RENFF=135.

GO0 TN 10

no 145 J-ield
Y‘(IHFAY.FQ.INFV(J’)CO TO tht
CONT THUS

PrOFF=200.

CONTINUF

RETURM

FND

i 311
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SUBPGUTINT NEKDAVYCILING o ZSOL oSUNRSNSFTY

COMMCN/OAYH/Z IMONTH, IDAY o IVEAR, ALOC, ALAT o ILONG» IQUADy IPAGE

COMMON/PRIPL/KK JKMONTH AYEARVNOPLT

DTMENSION OFCL (4 9)

CATA P/ .2174%/

NDATA DECL/-138844=134009=1275¢4-119) 0421038 co~81809=TT75.0-62749~4?
11- 0"130 "'1‘05o qu..ZSG..‘dG. '570.0717-'~Q10010130'112100121"0 01317 :
1..1367..1‘97-.1‘&7..i392..135‘~.o1299.01225. 91C92009°100657.07220 \J -‘
151 e 0l58.0¢199. ¢36e 0=1T 00023009495, 3=548.0+85249-98244=10984,
11199, 41276 .4=1358.,0-13% ey ~14)7.0~1380,7

II=4%(THONTH=1)

1J=t10AY =12 77

I=ITe¢IJ¢!

!r(IOAYo’)Eogo’ IKzIK-4 1

FRAC=IDAY-T*14-1 ;

2S0L=0CCL I LOECLUIKeLY-0ECLCIXKII Y (FRACY/ T, 1

?SAL=2SOL’EC .

71 =S IM(FRALATY

73=00S(PeALATY

Az =S IN(POISOULIS®SINIPRALATI/Z(COSI(PRZSOLY PCOSIPRALATYY

22z ACOSCAY /P

SYNT=z-AN/15, 12,

SNSFT=24u,-SiIN" k

JLAT=zALAT

IFINCPLT.cQ.10GD TO 2¢

PAINTY (62 IMONTH o I0AYLWIVEAFLALOC o LAY LILONGoIGUADsSUNRGSNSET

160 FORMAT (1H) 4% DATE ISP, 124%/%,12+%/%¢1u,* WEATHER SHIP®, A2, 3X,
14T LATITIOF ®,12,3X"AND LONGITUOE® JIT,*{QUADRANT®4I24+®) SUN RIS

1 AT®,F5.,2+*KOURS SINSFT AT ,F5,2,%0URSH)

IFCILINF,.GT.ITYIPAGE =)
IFCIPBGE TN, (VGO TO 20
PO INT 215
215 FORMAT (1MHL,* CLOUD AERO SCAT TOTAL OIR. INDIR SOLAR WINC
L1DIPFET  RFL CONVY WEATHEFR QAIN AI® T SEA T SHIP CORR. SXY 8 Sy

1 T QACKT CONT&™)

PRINT 22°
2275 FCOMAT (14 % TIM TRANS TCANS ABSCR TRANS SOLAR SOLAR ARSQR SPEEGC

1ChH-NTH WIND COEFF COOE COEFF OFG C DEG C cMP DEG C FAD 12 DEG

3 1 € DEC C D€EG C*)

4 TLINE=O

1 ICAGE =)

20 CONTINUF
SNSET=SNSFT-12,
SUNP=SUNR-~3?,
RETURN
CN[

Chati it

(PRI TT

fad

R
[N

e A

o NV S U X VR U R NSRS TPV ORI

FIGURE 8-5 SUBROUTINE NEWDAY OF PROGRAM ASIRCT
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€JAI0UTINFE SOLAR(HOURGZISOL +SPEED oHDG +SUNRYSNSEY QSUNL,OTAU,L,OTIM
COAMMON /S DL HZTAIR STOOT L TLOCAL o ZLAT WO IR HVEL o TOEALVWISR,CFRALENISS, 1
: 101 e TCC o TAS o TSCeTTRN 4T IR ¢ 0SS yCONV W WREL ¢ AZM  CTRANS ¢ SOLARAL ZENITH, RH

DATA P/Je31742/

AR2273.157(273.15¢TALR)

NSAT=AA®CAP{18,9766~-14, 9535% AA-2 .43 8A8%AA®AAY

AA=272,157(273.154T700T1)

RCON=AAREXP(18,9766-10e 3595%AN~-2 L388%AA%AAY

IN=100 *HWSON/KSAT

HUNTD=NSAT® /710 (0.

22 SIN(P®ZSCL) CALTO2

Yo = COS(2%7SOL)Y CALTI

71 =SIN(O®7LATY

73=CO0StP®7LAT)

15 = COS(Pe1E,%HOUR) ]

; 75 = 71%72473%24975 CALTO3
: SAL? = (ACNS(Z6)) /P CALTO3
: Wi = WVCL*SIN(O®WDIR) CALT10
: W2 = WVEL®*COS(P*NDIR) CALT10
KY = SPEFDSSIN(P®™]NR) UYL CALTLC
Wy = SPTENRCOS(PESHOS)U? CALT1Y
WRFL = SOFT(W3%®2 & WL®®DY CALT1Y

('ON\I:S.S‘ZS'M-‘FL LA :06
IF(CONVL LT BICINV=6,
C CONVERT WIND SPFENS FPOM XNOTS 10 MOTERS/SES
WVELSWVEL/Z. 0
WICL =WEL/2. 0
NTIM=NTLY
IF (SOL7.LT.89,0 12,1€) CALTQ3
33 Y1z OSIPS7LATISS IN(P®ZISOL)
¥2zCOSHPPTSNL) SSIN(PSTLATY
Yizvi-.¥287§
; Y=o (P*(30.-SOL 7))
; S5 SILAZ=ACIAS(YIZ/X) /P

; IF (IR G Ta 340500822362, ~SCLAY

c SALAD WFAT LCAD CALTO4 |
- o CALCULATION OF SCANT FATH ENUIVALTNTY 212 VASS CALTOL
1 IF (SPL7WLTLACS) 51452 CALVO0& |
§ Bl A = 1,/CGO7(OO50L Y CALTO:

AL =k CALTOS

GO TC S3 CALTOS

52 A = 1,/0N3(P%(50L7 ~ M) CALTOS®

8L = Le/CISUPIISOLT7 =) CALTOE

FIGURE 8-6 SUBROUTIME SOLAR OF PROGRAM ASIRCT
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CONT INUE
MWz, ®HUMIN
THSZEXO( (B L6 1 E23%HN) S (FXP (-,193%A)-1,))
BARSAN(«2,5/7CINNGALYI®®, 0975 ))
TSCaTMS-ARN
TAS = (Pt =8, ®AL/VISRY
I 2 1= (TMSeTASYI/2,)
77 = SiuPesuL )
B (¢ %O FPAY® (1 ~CFRA®D )Yy
Tz §.-(1.~R1%({1,-CTHANS)
TTRIN=TCLCOTAS®*TSC
GITAz1 35, ,°TTRN
geCz=NnixeTsg
N1 =CO0S(POLAZMN-SOLAZY Y
223 IN(POIENTT Y
N32C05(Pe7EN]ITKY
N = 7781892403075
!F (d“.l.toc.’ Dbz,
A2=" 5058 (A7r-SCLAZY
ns = ,25%tt, ¢ 20.27.(‘COS‘0.A:”.’2"
IF(QSUNLATLD.¥G0 TO A2
0T I%alJY2-SUYN”
NSUM=SIALATLS {{ «® QN ]2 *NS0Y
TCTITH
SUN AT L0W HIRITZIN
ICT23,
TAS=..
TR r=(.,
TTaNs,
ry 19,
“h=C.
IF(NSUN,FO, )00 TO 1243
CT IMzM I« SNT T
NSUN=J B
CAONT INIE
RETUON
FND

518

st s ———, o AR

alm——
Is . L i g g g Skt 2 ol s Lo

e S e A Rk 1 T 2 e h i £ o

CALTYS
CALTYS
CALTOS
CALTOS

BT T U S S S TV T R T O T U TP

CALTOS
CALTOS
CALTOE
CALTOS
CALTOE

CaALT (R
CALTGS

CALYUS

CALTAY
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SURSCUTING TRSXY (CFIALIHN KNS, TAIR ,TEF NP NRY:
COMNON/SYOR/ISEASICHIT RADGSXYT,CRALSCRAZ,CRAIHWCLDLCLOZ2,CLD3
QIMTNSTON CRAL (6)4CRAZLHY +CRAZIB) ZCLOLC IO, CLO?(R0) CLOIC3IY
TAPH (XY JACHT(5) JANS IS JRADLIG) ,RADULH D RO LH) RCRULS)
T MENSICN RIRDIT O, TEMP (7)), CEOV LLI) JNRLTY
DATA LoOV/ Ve 0eloe250eb0eB0eb0eT%0430¢1:.0,4,1.07
DATA A2M/10 e85, 400.7
CATA BOHT/1T750.0125Cee83 00077 00158047
CATA AMS/ 02 05t 010 edot®a0e?)e00 V2407
CATA ARAFD/Z150.86764333.3875494,3208096.6794995,0512093 000024318464
1090.2687 448, 710007 .1673¢A5,6417 B8l 13294A2, EL11,88,1662,73.7078,
LT 2FE20 "5 e 8010 eT50t31 s Tuel Sy T2.0E63,71.3C76:69.9653,6R8,65393,
167.%20€03%¢2 Tt lsbba?509,53,0975:67:2523+¢61,0230.59.8097.58¢8121,
1670630 3056,2602¢C5,1137¢63,97A7,52,8592,51,7551450.6663,69,5927,
1L oSt 3,07 et 0P ab27 0B bhG200bke w807 6T, 64068,02.49T7T,61.5431,
LD B3 03,677 T,38.2218428.7059,37,8638,%.9857,36.,11648,35,2617,
LM el B934 2207793319708 471 .1923,30.40189,29.€65088,28.9118.
12.017"0?70"5(}90 ,6035‘4|25037:6'24076:“02900526033039’10220763"
122 01039 71e533262349388,2C.3521,519:7761+19,21356+18.5624,18,2226/
r0 (0 T=1,5
1=
IF(OHI T, AP ACUTEININD 7O 15
L) ONYINGE
{16 T=Le& (1110
Tzt
IEUPMLTL96,0°0 1D 25
TCE (WM, eN 86100 TC 3D
IF(PH.FQ,L7¢.150 1O 35
J: ¢
re 27 MN=l, 14
ILINE B
fAOL (Y =SLEPON
SAQUUITLDL U
CRIL (M =C282 L1
Y WAYLNI=TIAL L)
Jy="?
60 77 el

25 J=§
FIGURE B-7 3UBRGUTINE TRIKY OF PROGRAM ASIRCY

[ 30

T

e s et S ik

.
At s 2

oA AR ke, v N . -
Gl i ik Lt " i M et ok T - 2 & i 4



NSWC/WOL TR 78187

no 2e N=1,I1
J=Jey
RAOL (JI=CLOS (N
TABU I LD UND
RERL(SIECIATLYD
S8 RCwULII2TRA2 ()
: ARER
’ 60 10 &l
: 19 929 4
TN 32 N=xl,1d ;
NEN T ;
VACL (1123002 () :
B2 ORCPLENZOIA2D
{ SNLS
: GO 10 w.
¢ 35 3=y
e O3F NETL IR
Jz Joy
RANL (I =CLCL IND
T SCPLEIYETE AL
Ji=t z
W T7 LE Lz i,k :
] (QRESN :
F IFIHSLLELANSELIIGD TO 58 ;
CANT e
IF LU N1 0% WS nT.3C. 060 TO &5
SAZOLNLILL=1 o (RAUL(LL) =RAOL (LL-13)® (WS-ANS(LL-100/7 CANSILLY-
1A4SLL=1 ) 5
SCATILALALL-1) ¢ (FCRLILL) =FCPLILL =) I O CRS-LHSILL=10) /7L ANSILL) - :
LAMSELL-1 1)
67 10 56
55 SA=@AGLILLY
} I A=ECLALL)
1 €6 IF(JIET.LIG0 TO b5
¢ !:(LtoEQQXQ"OQ“SoGYQS\;o’GQ 70 58
COZPADUILL=L1 V¢ (FANUILLY ~RACGU(LL=- 111 ® (NS~AWSILL~2))7 (ANSILLY -
1AWSELL -1 )
ryzRCRI LU=+ (RCRUILL ) =RCRUCLL=1) S (HS=-ANSILL~1 1V /7 LANS(LLY -
1ANSILL=1))
50 TO 6e

.
Pt s st v £ A i ard A L NS,

R e A LT AR FBiiat B s e st

e

LA I g
[WRYN

R An e bkt B A 23 A% L A et i

et s

AP daarerilnte
L b !

AR Ay e asaen

AR atnbaiiniilrs
ks iy omeingy Z e 3 -
iar, i & T L SR S R TR S S it S Bk, s s bat . e T, e el N d 2 S i




TN

Laia

71
v2

NSWC/WOL TR 78187

Bt

3=

CazaiRUILL)

SLEi 0 (R I=RAVCS(RHESARHEIIIIZLARHIJS=1Y=ARUISI)Y

SCAFCAC(ICRARTCAI® (RU-APHIJINIZLAPHEJI~1) =-ARNCIINY

T2 NSO FRAYS (1, ~CFRACCFRRY

CACTTAS (L, =F i) eF 1o nCA -

e 71 I=45.79

=1 14

TEASLL LGT.RARDIINIGD TD T2

CovTInye !

MALTIND(Ja 1) =T HP (J)) S (RAN=-RPEQCINI/Z(RAPN (J-11V-BBRO LI )

SXvYIzTENP(J) oRDD j

ANI=TAIR=-5 0, %

AN =4 )Y -
3
i
H

af A=A0J- 14N i)
SKYT2SKYT*A0J ]
J=J-140) ;
B0UP=30A 307 i
1 (ACUP, T .1e30J2 -1 i
TFSKY T, LT TEMPLU) Y Jag=1 i
NI (JI=NR (e
[+1 4 TUQN‘ 3

£NG

PPN

R T

| ¥4

T . T VT ey oo e i M- j‘ e

Py




T

>

-
vﬁmeme e St i e

B e
P FURS I LR b o RO i T
T N T X

NSWC/WOL TR 78-187

cjpn.rnyT e

SRR
6N TOL 14243 040B,611ITTN
T ML =ML U e
[eSa TR S AT )
VAN E A FA NI NS
0 TN A
RN RIXLARRINT!
an T R
L MLy mMe g 8Y ey
£ ONMT )y =M (Y ey
e vTe 8
& VLY EME(UY 4
A CANTINUE
Qr YgpN
FND

FIGURE 88 SUBROUTINE CONHR OF PROGRAM ASIRCY

Apae o ewer
-

L

|

3
3
3

. . "
A, A e, e M duc, LA 5 A 2T i,
" e sn

TONMI (YA NC U YD (MY D MR, My (ME G NG )
DYMEMSTIN M170) W2 (78) \MT079) \My (78) 446 (79) (M6 (7O}

A e o MO i e b .okl

et il i

S IAL N s xS,

BRI

Fr e v e s

ELY | SNUR TR IR

5
i
4
M
3
o
3
b
i
:
4
2
H




TEATYRT M - weavg g e
v

R RN (o - g Soba o e i e .
T Y

NSWC/WOL TR 78-187

SUARQUTINE ANALUWNG e TINT ¢RCOXy THIG. TLISTTEMPY
« . TONMON/ZPRPL/KK K RONTHAYEARGSNCPLY

CANMONIS TATV 7ML P2 o M3 oMl oMo ME s NA N B JNG ¢ NEGNF JNSeNTLCNL DN
PTMENCTION ML 79 M2073) JMILT70) sMGUTIIMEUITIY L ME(TS) o NA(T Q) JNBI(TY),
ING (7Q) JNFUTAN4NF (79) o THO0 (301, NS (T79) (NT(79) , TEMP LT 4 TLISTUTD
NISCMSION TSHO (L D) 4 TSKY LLC) TOCONCLT) JINGONCLLIG) TADDCL10) , TTENCL]),
LTEUNELS) o TTHL (10D o YONFLLCYoTTRWOCSI) « TTHREL0I 4 TTCONCLI0) (TRCK(L D)
X¥z®

M=

¥
N
&Q LR

LR

10 4 »

#Hou o

2 €

ATy
TYEAS:AYTAY
COINY 21y K4OhTH IV AR ¢ ROGF X, TILT -5
213 FOCHLAT (1M1 ,* ORGPASILITY NOF DASESGYING SHIP TEMPERATURES MONTH=®

= 11124° FEAIz® , ] 4y RCPyz® Fe 2, INT TEMP2®,F5,2,*0FG-C HE
; 1“‘)1"0':.0:3.2'
3 KK = KK$ ]

FALL SIS TENALLANGTLISTY, TSHEY
E2INT 1w
214 FOSSAT (L o277
FAINY 22
391 FOTHAT (1N ,* OIMATILITY OF CAESYING SKY TEVPERATURES®Y
: LS8 LB
3 ChAll SOCTHINOLEN,TEMD, THHY)
e3INT 228
225 CORMAT ({1 ),® PeNNAATLITY OF NASEOVING ARACKGROUND TEMPERATURES®)
LA A 4
CALL SIRTINCLLONJTLIST, TECX)Y
PIINT 222
222 FOCMAT (1Ml ,% ©ROJAIILITY OF CASECYING TONTRAST TEMPERAYURES ODURIN
. 16 DAYLIGHT HlUIS*Y
1 LELLON
CALL 3IPTUNC WO TLISTTOCOM
P2 INT 224L,K40NTH ,TYEAE
226 FOAMAT({d),* DOGCHARILITY OF ORSFOYINN SONTRAST VTEMPERATURES OURIN
16 NIANTTIME wAue R MONTUz®, 12,° YELR=%,14&)
L8144 DY
FALL SORTINFLLMN, TLIST.TNCONY
KKKy

o vy oy

FIGURE B 9 SUBROUTINE ANAL OF PROGRAM ASIRCT

L -

Sy

S

FE O ROVIR APPSR Ve

AR AR A IONMANS  fan t et s e aan 5ar, sabrerla

—— A L s N
e AN LR e T s & AN L AR ) ot €50 Eh A st

PR




ST A TR T oy o
[ - T T T S TRy LI e Y

KSWC/WOL TR 78-187

FRINT 227

227 FOGMAT (iM)* PRCIARILITY OF OOSERVING TOYAL CONTRAST VYEMPERATURE®

1
CALL SOFTINTLCON,LZTLISY,TTCON)
PSINT 22°

223 FNIMAT (1ML 4®* PRCAARILITY OF CRSERVING TEMPERARURIE MOOIFICATION®)

K2 Ke L
CALL SJ"\Y‘NFOLCN'T‘\‘OD"ARC'
FSIMY 22X KMUNTH JYFAT

237 TOIVAT (LHL " CONTOAST TENMPFRATURYS ON HOURLY SASIS

1¢ YF ARz, T 4)
lele} 01 KJ:},’Q
IFEYEIKUY L GT L IINT=NL oML (KUY
IF (M2IXU)GT 4 INZ2N2¢N2 (X1
IF MUY OGTLUINI=NT oMt (i)
TEIMGIXY) JGT «MINLs NG OMG (KUY
TEAME(KU) o AT o0 INST RS eM5 {KU)
1 IF(MulAUYGT " INBTNBOMH IXKY)
D:Iqr ?11

C3) FOATWAY (LW " 1 e3M,.%)
K =¥ ]
CALL ST ML (N1 TLIST ITENY
LT T 4 R

ec INT 212

212 FARAAT (iu,* 11.4,4,%)
CALL 3CaTIM2eM2,TLIST,TELMY
FOINT 237

2YF FLerdr i v L2.H00N®)
CALL SY¥TIHI N, TLIST,TTNLY
PAINT 234

2¥4 TNAMAT (LML, 1.P9e4.%)
CALL SONTIMUeNes TLISTTONEY
GO INT 235

235 FNRPAT(IH] ,* 2P M.®)
CALL SOPTEHS JMNSLTLIST.TTNDGY
PIINT 23K

2316 FCAVAT (IN" 4 T.PeM,. %)
CALL SORTU(MA X6, TLIST,TTKR)
PTINT 24

263 FOIMAT (LHi®  PROT SKY TEMP SHIP TEN BACKGRHND
1%IGH4T CN TOTAL CN 10A® COM 154N CON 12NN CON

1 PN CONS)Y

"N

Y premnss per e n con Samee s ers s

& e Prail e Lo adia

e e mn

MI91FIC

MONTHE®, ]2,

DAY CONT

1PM CON

(O PN R

e

294 CON

13t st

AL

N S S

m Bl i s AT A sz

FEVRL SN W.I N WL N



i

]

i

NSWC/WOL TR 78-187 ]

4

i

d

.

3

i

4

]

]

B

i

{

:

;

]

£33C .95 1
50 92 I=1.10 ;
2RINT 2P R4 TSKY(E) ¢TSHPCI) LTETKII) 2 TADO(I), TOCONCT) 4 TNCONCT) )
LTTCONCIN oTTFHCTY GTELNCI) o TTHLEI) ¢ TONECT) o TTWOLIN o TYHRCT) {
202 FORMATUIN P 6,20 4FF,242%Xe3F9.CvuX+6FF.2) §
A= | ;
Adz1.0-0.1%4 3
Q2 ~ONTIRUE :
PIINT 254 :
255 FIAMAT (1HL) g
M ;
LG
LCN=? :
£€ TYSN {
END ;
d

:

s 4

S - i i 4
Sl liw £t A it ER QRN “RETY L T W P s




o ok ¥
(e TF e ey A T T e s e 1O e Sl
Nt ma e A oatlainiioig

Swsitn sl

NSWC/WOL TR 78187

Vot ST

SUA2ONTING SOF TINDSNUM, TEMP,STATY
COMMON/ZPIDL /KK 3K MONTH AYEAR, NOPL Y
DIMENSION NOUYIY ,PROBET O JTEMPITON o XUGHO) VD), OPTLL0Y . STATLLDY
CATA DPT/%e¢9540e90 008300 o704 055330530 004040 304062004107
LL =79
Av z AVF AR
AMON=CMHONTH
i CC & M=i.ll
1 1Nz
TEQUOIND)L5T. 0150 YO 6
S CCNTINYUE
& €O 12 N=1Q1.tL
LNazLie1=N ;
IFINJILYNYLGTLCI00 TO0 12 i
15 CONTINUS
1 12 AM=NUM
3 Al 2ND (TN
¢ UEIRES
1 F 24 Lz INGNN
OCOYLL Y= 2hM=-AR Y/ AY
RA2BAeNy (LYY
29 CONTINUT i
PLBLYNY=2.)
3 orINT 173
3 1.0 FNSIMAT(IH L0 TFNP Nyvng2 PRAOR VAL UF TFYP NUMBENR fR
108 VALYF TEMP NUMNYER PRCY VALUE TENP NUIMBER PR
178 vaALuf )
02 INT 151
11 SOPMLT (14 «° CFG-C AT T6éMP  OR LfSS NEG=-C AT TENMP OR
1 LFSS JER-C AT TEMP SR LTSS 0EG-C AT TeM® O
1 LFS®)
35 L=}
AM={ N=IN
IS (MM, OF faCVLx?
Izt N-TINe&) 74
PR ERL]
I4=1¢
50 W) Xxlelx
PO INT 1°S4 (TEMPEI) o NO(I) +PROBIIY 4 IxTgoldeINY
1J=13¢1
135 FORMAT EI M JL(FR, 2,194F12.7,64))
b3 OAANTINGYZ

E I Ty T I IR FY

o

R NPINN S

ST

SR PN

Sty

[EAVIINCIG A TV RN

’

AL AGE LS K s i & st e AR B T2ADIN K g,

FIGURE B-10 SUBROUTINE SORT OF PROGRAM ASIRCY

L >

k) as: - M i, R T R A e MM s e K b h
. - S .




g e TR TRETR MR T RS TR T

Rdh ik T A s

]
3
NSWC/WOL TR 78--187 :
IF(INLEQLIIINE [NY %
n0 36 I=1.4¢ {
0 36 K= I NN §
IF(PROI(XKY LT DPTLINNIGY YO 3® ;
36 CONTINUE g
33 STA'(IszFNP(K’O(TE!p(K~1)°YEHF(K)l'GOPY(I)-PﬁOq(K|)I(PPOB(K-li f
103003 ;
34 CONTIMUE !
IFLNOPLY .FN.4VGO TO 55 :
IF (KK, AT L2IGC TO 37 E
T2z<20 J
CO '0 'Os ‘
37 IF(KV.5T L0050 1D w1 ;
T1220.0
TrzeF,)
G0 TG o2
L1 IF(EX,GT.TIGL TO W2
TL=22,8

2

L3

2
bt

TI?z=0,.>
G T W2
T1=22€, ]
™=,
J=°

Nz,

N0 we [z INWGAN :
TFATEP(T) (GT.T21GD 10 32

IEATEMP I LTL72V6D 70 3¢
[F(I.FI, 860 YO 22

Nz he g

Ny =T endth

y(uy=pann (Y

I=Je2

LN 1o wb

Jro

ranT INE

IF XX, €0.1)6C TO 45

IF UK ENeIGC TO LA

Ir ('(K.iﬂ.7.0°.'“(."’). ‘)’G) YG Wt
CALL TALCMI(=2 X 4Y,43)

G 1o 55

PO UYL PO GIPY S WP S LT TR W

SRPNNE F P

[Or DU

b Do e o VI o awa )

Ly

&
4
k1
!
i
X
4
]
H
i
i
)

[ s & et el

Lhrat 0y Y N T T P A RN Ty CR TIPS e A .. W N Y VU SN o P I U 1 W Sy .y




Llkas

ERATS S

e e e

N SR TN (e Sy

g

P ot

NSWC/WOL TR 78187

43 CALL CALNMI (NG X o Yo 0 oT23T140.04140001C4048.00,37HSKY SHIP RACKGOND
1T MPERATYRE VEAP2 37,1 7HYENMPERATURE OEG Col7+11HPRORAATILITY, 1L,
14¢ZAR,18)

50 Y0 332
Lo IF(MK,FN.IIGY TO &7
CALL CALCMIINGY Y D, T2, T1,0.%¢3+7001040,840L «SHIP TEMPERATURE W
COINIFICTATION VYEARS (37 L THTIEMPESATURE NDFG CotevsiHPROBARILITY, 8L,
1AYCAQ,18)Y
0 T0 S5

7 CALL CALCHLING Yo YaDaeT2e 100000 ¢300i0do8:00+s45SHCONTRAST TEYPERATUY
19F 120411eNOON.142,3 CEARZG LS oL THTENPERATURE DEG CoiT 11HPROBARIL
1ITY 11 4AY AR ,ERY

80 TO S5¢

Wwd CALL CAL MLI(N o Xo Yo deT20T240:%080cunlledoB.0CsboHDAY NIGHY TOTAL CO
ANTRAST [EMPFRATYAS YEARS ytay LTHTFUPERATURE OK6G Co17,1LHPROBAAILT
1Ty ,13,4YF ik, 12}

6) FELL GRICICeeUos 140Colalleloe)

COLL SYNMNLU14006e5¢247BHMONTHE 43,4 6)
CALL NJUVYI2,248 840420 AMONCa0-1)
585 CANTINUF
CoO 6% X=1,LL
ND(Ky=2
& £CNB(NY= ),
CETUM
N

28

NI i LS o ETeare, e

[ TPE SN SUNE Y

e e A AN




K R D e oo i *w‘~~v*Eﬂﬂﬁﬁﬂlﬂﬁlﬂlﬂlllﬂllll1

NSWC/WOL TR 78-187

AL aadinn

IO

3 - DISTRIBUTION LIST

: Copies
: Under Secretary of Defense for Research and Engineering
Room 3D129, The Pentagon
Washington, DC 20301
Attn: Research and Advanced Technology (Col. A. Friday)

Director
Defense Advanced Research Project Agency
Architect Building
1400 Wilsor Blvd.
Arlington, VA 22209
Attn: Technical Library

e et D Namnfian R becne s s

Defense Documentation Center
Cameron Station
Alexandria, VA 22314 12

Director
Defense Intelligence Agency
Washington, DC 20301

Attn: Technical Library

Commandant

Hational War College

Fort Lesley J. McNair
Washington, DC 20315

Weapons Systems Evaluation Group

400 Army Navy Drive

Arlington, VA 22202 f
Attn: Document Control §

RO Y, PSR

Chief of Res. Dev. & Acquisition
Department of the Army
Washington, DC 20310

Attn: Technical Library

Chiet of Naval Mater{al
Navy Department ;
: Washington, DC 20360 )
Attn: MAT-087245 (G. R. Spalding) ]

PRy CVDRNT T S0 SPRRLII . T S WU OF Y A SO, WPV TR S 20N - ot A oxsal,




R O RRTER LTI TSR T TR R TR R Ty T A TRR TR

AR A LE A R '

NSWC/WOL TR 78-187

Copies

Chief of Naval Operations
Navy Department
Washington, DC 20350
Attn: HNOP-35E (L. E. Triggs)
Operation Evaluation Group

5
N
k]
R
)
i
b
1
i
i
H
H
3
K
3
H
H
p
A
b
3
i
E

Chief of Naval Research
Navy Department
Arlington, VA 22217

Attn: Technical Library

2L kit 2t Fakian ik S e

Commander
Naval Electronic System Command
Naval Eiectronic Systems ComD HOS
Washington, DC 20360
Attn: PME-107 (D. Ferrieria)
PME-107 {A. Wah!)

RPRICYNIPIN Y 1Y

o absita:

ik

Commander
Naval Sea Systems Command
L Navy Department
] Washington, DC 20362
Attn- SEA CODE 03511 (C. H. Pohler)
StA CODE 028

Commander
Naval Afir Development Center
¥arminster, PA 18974
Attn: AERG Elec. Tech. (P. Moser)
AERD Elec. Tech. (M. Hess)

Lt mtaam

Commander 3
David Taylor
Naval Ship Research and Development Center
Bethesda, MD 20034

Attn: Code 2833 (R. Burns)

2rak S

Cormander
Naval Ocean System Center
San Diego, CA 95152
Atta: Code 5322 (H. Hughes)
Technical Library

Commander
Nzval Weapors Center
China Lake, CA 93555 A
Attn: Code 3173 (A. Shlanta) ]
Code 39403 (J. Wunderlich) ;
Code 753, Technical Library

L e L WL R e e a b bt e P TN AN e g
LY = URREY - Agac cudty o
. 3

A A R I S K A it =
)

ARG ASPU ?  K ren 2 ae SN ” . }
- s i My oy ¥ o3 P R Y D T LTy " Nt e Al Fyey




NSWC/WOL TR 78-187

! Copiles

3 Commanding Officer
3 Naval Weapons Evaluation Facility ;
3 ' Kfrtland Air Force Base ?
Y Albuquerque, New Mexico 87118 ]

3

Attn: Technical Library

Director

Maval Research Laboratory :

Washington, OC 20375 3

Attn: Code 4109 {J. MacCallum) ]

Code 4109 (R. Steinberg)
Code 5706 (Wilson Harris)

1 Code 5750 (J. Friedman)

: Code 5750 (F. Fox)

4 Director ;
Strategic Systems Project Office i
Navy Department
Washington, OC 20376

Attn: NSP-43, Technical Library i

Oirector y
US Army fiight Vision Laboratory :
)

Building 357
Fort Bevoir, VA 22060
Attn: OELNV-VI (R. Bergman)
DRSEL-NV-MJ (J. Moyl ton)

TIVIR USRI XV YR DRy,

Commander

Aeronautical System Divisfon, AFSC i

Wright-Patterson AF8, Ohfo 45433 :
Attn: Technical Library i

Headquarters
Air Force Special Communications Center 3
san Antonfo, TX 786243

Attn: USAFSS

3
i
i

Director
Air force Cambridge Research Laboratories, AFSC
L. G. Hanscom Field

gedford, MA 01730
Attn: SUOL AFCRL Research Library

University of California
Lawrerce Livermore Laboratory
P. 0. Box 308

Livermore, CA 94550
Attn: Technical Information Department L-3

S PN it e A o o ad sk .
PWPUICTETIN AT LT PO I~ P PR e » St i £ ikt -




= R TR YR T T R R R R R T T TR

J N

NSWC/WOL TR 78-187

5 g BB o ST
7=

F § Copies

Aerospace Corporation
P. 0. Box 92957
Los Angeles, CA 90009
Attn: Technical Information Services

4 Boeing Company
P. 0. Box 3707
Seattle, WA 98124
Attn: Aerospace Library

P e e

General Dynamics Corporation
Electric Boat Division
Eastern Point Road
Groton, CT 06340

Attn: I. H, Chan

1 Honeywell Government and Aeronautical Products DRivision
600 Second Street North
Hopkins, MH 55343

Attn: L. Werner (Librarian)

Honeywell, Inc.

Radfation Center

2 Forbes Road

; Lexington, MA 02173

$ Attn: Technical Library (K. 0ids)

Hughes Aircraft Company
Missile Systems Division
8433 Fallbrook Aveune
Canoga Park, CA 91304
Attn: ORG 20-85 Library

pa i

Insititue for Detense Analyses
400 Army Navy Orive
Arlington, VA 22202

Attn: R. E. RobertySTD

Lockheed Missiles & Space Company, Inc.
P. 0. Box 504
Sunnyvale, CA 94088

Attn: Technical Library

Lockheed Missiles & Space Company, Inc.
3251 Hanover Street
Palo Alto, CA 94304
Attn: Technical Information Center D/COLL

e A N Mepsaid
(Rl U4 LI arani, e MMM AR




b S gl el & 0 AN T ol R
T A S YRR T S e 8 T O YT A T AT TR T gl R MY T T ™ i and SELEN nﬂ

NSWC/WOL TR 78-187

P

Copies

MIT Lincoln Laboratory
‘ P. 0. Box 73
] ’ Lexington, MA 02173
Attn: R. J. Becherer
M. G. Granese (Library A-082)

A B AN % o

The Rand Corporation
1700 Main Street
Santa Monica, CA 30406
Attn: A. Beggin, Librarian

TRW Defense and Space Systems Group

San Bernadino Operation ;

P. 0. Box 1310 :

San Bernadino, CA 92402 :
Attn: G. Hulcher i

4

The University of Rochester ]
Center for Naval Analyses
2000 N. Beauregard St.
Arlington, VA 22311 i
Westinghouse Electric Corporation :
P. 0. Box 1643 ;
Baltimore, MD 21203

Attn: R. F. Higby, Mail Stop 434

M. Tenbery Mail Stop 360

P T

S PN e Vs

R




HOW.NINC{R)S405A {Rev, SI8)

7O AID IN UPDATING THE DISTRIBUTION LIST
FOR HAVAL SURFACE WEAPONS CENTER, WHITE

0AK TEGHNICAL REPORTS PLEASE COMPLETE THE
¥ FORM BELOW:

TO ALL HOLDERS OF NSWC/WOL/TR 78-187
% by Donald L. Wilson, Code Rug

DO NOT RETURN THIS FORK IF ALL INFORMATION 1S CURRENT

e A R e
A, FACILITY NAME AND AQORESS (OLD) (Show Zip Code)

NEW AQDRESS (Show Zip Coda)

8. ATTEHYION LIHE ADDHESSES:

C.

) REMOVE THIS PACILITY RROM TME DISTRIBUTION LisT FOR TECHNICAL REPORTS ON THIS SUBJECT.

2.
NUMDBER OF COPIES DESIRED

GPS o308




Sty FODY INQILNBLLY

01407 ONVIANVH ‘ONINdS YBATS "AV0 2LIHA
HILNRD SNOJYIM JOVINNS TVAVN
AIANVHHOD

pobs 'S JLYALSG 40U ALTVHE
SSANISAE TYIDIdE0
A¥Y auz'ﬁ gaamava;a
"'"3:5.1 €334 GNY 3OVI50d ' 0L407 i "ONINdS AFANS 'AVO FLWK
YILHID SHO4VIM aoyauns SYAVN
AAYN JHL 20 IMIWLUYLIC

o

ot he ek S o



